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FOREWORD 

A Southeast Alaska inter-divisional,  inter-agency sockeye salmon program 
review/workshop, the f i r s t  of i t s  kind fo r  the region, was held April 16 & 
17, 1987, a t  the Super 8 Motel in Juneau. I t  was intended t o  be a review 
of "who's doing what" with sockeye in the region, and, as or iginal ly  
envisaged in the early planning stages, i t  was t o  be a small b u t  diverse 
gathering of biologists t o  discuss t h e i r  respective studies and exchange 
ideas. I t  soon became apparent, however, that  the s i ze  and scope of the 
problems, the studies, and the in te res t  in sockeye i n  Southeastern was 
much more extensive than any of us had imagined. As a resu l t ,  the program 
quickly grew t o  13 speakers and at t racted 34 invited guests. The presen- 
ta t ions were we1 1 prepared, well received, and they generated a good deal 
of discussion and noteworthy recommendations fo r  fur ther  focus. 

This document i s  a compilation of the presentations and a summary, in 
memo form, of the General Discussion. The l a t t e r  also summarizes the 
participants' wishes and recommendations for  subjects fo r  additional 
attention and future sockeye salmon workshops. An attempt t o  include the 
more sa l ien t  points of discussion following each presentation was 
unsuccessful due t o  audio tape and recorder d i f f i c u l t i e s .  

The revi ew/workshop generated a good deal of enthusiasm f o r  continued 
focus on the sockeye resource in Southeast Alaska; i t  i s  important tha t  we 
maintain the momentum. 

Gary Gunstrom 
June 1987 
Juneau, A1 as ka 
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INTRODUCTION 

Gary Gunstrom 
Region I Research Supervi sor 

Commercial Fisheries Division 
Alaska Department of Fish and Game 

Welcome! I wish t o  welcome you a l l .  t o  t h i s  Regional sockeye salmon in t e r -  
divisional,  interagency program review. 

With our present day focus on pink salmon as the dominate species in the 
Region, and chinook salmon concerns receiving most of the pub1 i c i t y ,  we 
may tend t o  forget tha t  sockeye was the species of principal i n t e re s t  in 
the ear ly days of commercial salmon fishing in S.E. Alaska; the other 
species, in some documented cases, being piled on the ends of the cannery 
docks and processed i f  and when the cannery crews could get t o  them a f t e r  
f i r s t  addressing the sockeye tha t  had been offloaded. On occasion, there 
just  wasn't time, and the other species spoiled and were shoved off the 
end of t h e  dock. 

Well, we've come downhill a long ways since then, and sockeye harvests now 
only const i tute  about half of t h e i r  former abundance. 

Though we've never h is tor ica l ly  devoted much funding to  sockeye research 
in the Region, i t  has become abundantly c lear  since the s t a r t  of the U.S./ 
Canada program 5 years ago that  we know very l i t t l e  about the sockeye 
resource in S.E. Alaska. We only recently learned of mainstem spawning 
stocks in the Chilkat, Taku and Stikine Rivers, i t s  only recently tha t  we 
discovered how 1 arge the McDonald Lake run can be, and i t  took a weir t o  
discover that. And, there are other examples involving south-end mi- 
gration patterns, r u n  timing, interceptions, and harvest rates.  

The l a s t  f ive years, and the l a s t  three years in par t icular ,  have shown a 
pro1 i ferat ion of interest  in sockeye research in the region. So much so, 
by so many different  e n t i t i e s  and agencies, t ha t  i t s  rea l ly  been d i f f i c u l t  
t o  keep i t  a l l  in perspective. And, thus, the reason f o r  t h i s  mini- 
workshop/program review. There are some rea l ly  exciting research projects 
on-going or planned for  the Region, and we are going t o  hear about them 
during the next day and a ha1 f. 

There are several objectives tha t  I wish for  us t o  address during and 
following our time together. The f i r s t  two, those of increasing our 
mutual awareness of sockeye management needs, and current and planned 
investigations, will  come as a natural resu l t  of our meeting; there are 
others tha t  I plan to  identify for  us during the course of our discus- 
sions, such tha t  they can be deal t  with during our concluding session on 
Friday. 

Well, then, that's enough introduction, l e t s  get on t o  the rea l ly  good 
s tuf f  !. 
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Don lngledue 
Juneau Area Management B i o l  ogl s t  
D iv is ion  of  CaMlercial Fisher ies 

Alaska Department of Fish and Gme 

A. General Resour- Infomatlon and Stock  Status 

1 . There are approxi mate l y 120 sockeye producf ng systems I n t h e  
Southeast A l  aska Region extending f r a n  D i  m n  Entrance t o  Yakutat. 
Most of the  systems are re1 a t i v e l  y smal I w i t h  spawni ng capac i t ies  
of general l y  less than 50,000 and very few over 100,000 f i sh. 

2. Northern B r i  ti sh Co l unbl a sockeye sa I m n  stocks contr  i bute t o  t o  
Southeast Alaska f isheries, p a r t i c u l a r l y  I n  southern Southeastern 
A l  aska and t h e  transboundary ri vers. 

3. Formal spawning escapement goal s have not been establ  ished f o r  a 
major i ty  of the  stocks. 

4. An i ndf ca t ]  on of h i s t o r f  ca l and cur ren t  stock s ta tus may be t h e  
c m e r c i  a1 salmon harvest  record (see Fl g. 1). Current sockeye 
sal mon catches are depressed f ran h i s t o r i c a l  l eve1 r The peak 
h i  s t o r i  cal harvest  of approximate l y 3 5  m i  l I ion sockeye salmon 
occurred i n  191 4 and t he  t he  high decade average of 2.9 m i  l I ion 
f i s h  occurred during the sane time p e r i o d  The current  decade 
average (1980's) has been approximately 1.4 m i  l l ion f ish. This i s  
we1 l be1 ow high h i s t o r i c a l  l e v e l  s, however, It i s  i s  an Improve- 
ment over recent year l e v e l  s, and i s  t he  highest decade average 
s ince  t h e  19301s. 

5 .  As most stocks are re1 a t i v e l  y smal I, rebui I dl ng t h e  overal  1 re- 
sources t o  h i s t o r i c a l  l eve1 s w i  l l be a d i f f  i c u l  t task. 

6. Sockeye sal m n  resources are a ma jw cons1 deration o f  the U.S 
Canada Pacif I c Sal mon Treaty. The t rea ty  sets harvest  l i m l t s  I n 
t he  d r i f t  g i  I l n e t  f i she r i es  i n  D i s t r i c t s  1, 6, 11, the  D i s t r i c t  4 
purse sel ne f i shery and speclf l es  cooperative management I n  the 
A l  sek River. 

6. Resource Users 

1 . Sockeye sa l mon are harvested by oommerci a l  , sport, and subs i stence 
users I n  fisheries ranging f r an  the outer coastal areas t o  In- 
r l  ver. In nunbers of f ish, the commercl al harvest f a r  exceeds t he  
spor t  and subsi stence take (see Fig. 21. 

2. The commercial net f lsher ies harvest, by far, t he  biggest share of 
the annual harvest  (see Fi g. 3 and 4). O f  these the d r i f t  g i l l net 
f f sherles current  l y account f o r  h i ghest share of the commercl a1 
take, f o l  lowed by the seine and set g i  l l net  f lsheries. 



The annual harvest  i n  the subsistence f i shery  I s  r e l a t i v e l y  ma1  I, 
however, as much of t he  harvest  aci-I v I t 1  es a re  concentrated on 
re1 a t i v e  l y  snal l stocks, the subsistence harvest  has impacted sane 
l oca l stocks. 

Purse Sei ne Fishery Management 

The purse set ne harvest  of sockeye salmon I s  cons1 dered an inc l -  
dental take except f o r  the D i s t r i c t  4 (Noyes Is land)  and Necker 
Bay and Redf l sh Bay along' the outer coastal areas o f  Baranof 
I s land  i n  D i s t r i c t  13. 

l nseason management I s  minimal and i s not  based on i nseason as- 
sessments of spawning escapements. 

The current  purse seine pink salmon management approach of I i m i -  
ti ng f i sh i ng e a r l y  I n the season has benefited sockeye salmon 
spawni ng escapements, which are more avai I abl e f o r  harvest  e a r l y  
i n  the season This i s  p a r t i c u l a r l y  true i n  northern Southeast 
Alaska, however, the same benef i ts  have occurred I n  t he  southern 
f i s h l n g  d i s t r i c t s .  

The major seine harvest  occurs I n  t h e  D i s t r i c t  4 fishery. The 
D l  s t r i  c t  4 sei ne f i shery i s  regulated t o  meet the terms of  the  
U.S Paci f l c  Sal mon Treaty, which speci f ies  an average annual four 
year harvest  o f  120,000 sockeye sal mon p r i o r  t o  s ta t1  s t i  ca l  week 
31 (Late July). This i s  accompl ished by regu la t ing  f fshing t ime 
i n  r e l a t i o n  t o  f i sh ing  e f f o r t  and salmon a v a i l a b l l  ity. I n  recent 
years a major i ty of t he  D i s t r i c t  4 sockeye salmon harvest  has 
occurred dur lng in tens ive pink salmon sei n ing a f te r  s t a t i s t i c a l  
week 31 and durlng August. The reduced reduced e a r l y  season 
f i sh i ng time, necessary t o  meet the t reaty  obl l gations, may be 
benif f t t i n g  escapement l evei  s of Alaskan stocks. 

Although most purse seine management i s  f o r  harvest ing pink sa l -  
mon, the avai  i abi l Ity of sockeye sal mon (as 'honey f i shw) i s  a 
major f ac to r  f o r  sane sel ners i n sel ec t ing  where t o  f I sh. 

Set  G i l l net Fi shery Management 

Sockeye sa l m n  predom I nate the  Yakutat se t  gl I I net  sunmer f J sh i ng 
season. I t  I s primar i l y an I n-r i ver  f i shery. 

l nseason management i s acccxnpl ished pr  lmar i l y through the  anal y s l  s 
o f  f l shery performance i nf ormat l on ( I e CFUE). I nseason en unera- 
t i o n  of spawning escapement i s  d i f f i c u l t  i n  most of the ind iv idua l  
f 1 sher ies  However, good and t imely  escapement l nformatlon i s  
avai I ab le  f o r  the S l tuk  River  and East River  f isher les  and i s  
re1 led upon f o r  inseason management. 



3. The poor productlon being rea l  Ized f o r  ,the Sl tuk River i s  a cur- 
rent  major managnent conwrn. 

E. D r i f t  G f l  lnet  Fishery 

1 .  There are s i x  d l s t l n c t  d r i f t  g i l  I ne t  f lsherles I n  Southeast Alas- 
k a  They a1 l occur I n  the ocean waters. The harvest of sockeye 
sa l m n  I s the major overal I dr 1 f t gl I I net management conwrn 
during the sumner season. 

2. l nseason management I s based on f ishery performance l nf ormati on 
and I nseason escapement enuneratlon where avai l abl a The aval l a- 
b i  I i t y  of management 1 nformatlon i s v a r i  ab l e among t h e  areas. 

3.  The harvest i s  general l y  h igh ly  mixed s tock  Rewnt advances I n  
stock separatl on t e d n o l  ogi es have prov lded Improved management 
capab I l I t ies.  

4. lnseason analysis of stock separation Information I s  be1 ng used 
fo r  management I n  D l  s t r l  c t s  6, 8, 11, and 15. 

5 .  T h e d r i f t g l i I n e t f l e e t h a s b e c o m e v e r y m b i l e a n d m o v e s q u i c k l . y  
among the various g i  l I net areas i n response the avai l abl  l I ty of 
sockeye sa l mon. 

F. Management Needs 

1 .  Conti nue and expand current e f f o r t s  t o  enunerate sockeye spawn1 ng 
escapements both fo r  inseason management and post season eval ua- 
t.1 on. 

2. Deve lopmetho&I lg ies toes tab I ish  sockeyesaImonspawnlngescape- 
ment goal s. 

3. Conti nue stock separation work I n  major f i sh ing  areas. 





SE SOCKEYE CATCH BY USER GROUP 

Figure 2. Southeast A1 aska Region Sockeye Salmon Average Annual Harvest 
by Major User Group, 1977-86. 
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f i g u r e  3. Southeast Alaska Region ~ o m e r c i a l  Sockeye Salmon Catch by Gear 
i n  Percent o f  To ta l ,  1951-86. 
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Figure 4. Southeast Alaska Region Commercial Sockeye Salmon Catch by Gear, 
Average Percent of Total ,  1977-86. 
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SOCKEYE SALMON REGIONAL RESEARCH REVIEW 
Fred Bergander 

Alaska Department o f  F ish and Game 
. Commercial F isher ies  D i v i s i on  

INTRODUCTION 

The southeastern sockeye research began i n  1967 as a  Federa l ly  funded 
program under the  Anadromous F i  sh Conservation Act. The i n i  t i a1 program 
consisted o f  escapement enumeration a t  a  number o f  we i rs  located 
throughout Southeast Alaska. L im i ted  scale sampling was conducted a t  the  
weirs, f rom the commercial f i sher ies ,  and f rom the es tuar ies  ad jo in ing  
other sockeye systems on Prince o f  Wales Island. 

I n  1972 the program was rev ised t o  concentrate the  e f f o r t  on the  Ch i l ka t  
and Ch i l  koot stocks which support the Lynn Canal g i l l n e t  f i s h e r y  (Figure 
1). A t  t h i s  t ime  i t  was recognized t h a t  the re  were substant ia l  d i f fe rences  
between the growth ra tes  of Ch i l  ka t  and Ch i l  koot smol t which were recorded 
i n  the f resh  water po r t i on  o f  the the scales o f  these stocks. These 
b i o l og i ca l  markers provided the basis f o r  the stock composit ion ana lys is  
t h a t  i s  present ly  conducted on the Lynn Canal harvest. 

I n  1976 a  we i r  was constructed a t  the  o u t l e t  of Ch i lkoot  Lake and escape- 
ment enumeration o f  the Chi lkoot  sockeye began. Approximately $72 thousand 
were spent i n  the const ruc t ion o f  t h i s  weir;  $49 thousand were from 
Capi ta l  Improvement Funds. 

I n  1981 the Stock Bio logy Group became ac t i ve  i n  the  .Lynn Canal and a  
comprehensive catch sampl i ng  program was i n i t i a t e d .  This program provided 
in-season est imates of the stock composition o f  the catch and post  season 
analysis o f  the  age composition o f  the catch and escapement. This i n -  
season informat ion,  i n  conjunct i on  w i t h  the escapement enumeration, pro-  
vided r e l a t i v e  run strength data f o r  the Area Management B i o l o g i s t  t o  use 
i n  the regu la t ion  o f  the f ishery .  The post  season age ana lys is  provided 
re tu rn  in fo rmat ion  from known brood year escapements t h a t  i s  used i n  the 
development o f  brood year tables. 

The s ign ing o f  the U.S./Canada Paci f i c Sal mon Treaty generated new i n f o r -  
mation needs r e l a t e d  t o  the in te rcep t ion  o f  In te rna t iona l  stocks near the 
U.S./Canada border and transboundary r i v e r  systems. Program proposals were 
prepared which w i l l  provide basic data needs r e l a t i v e  t o  U.S./Canada stock 
intercept ions.  Sockeye wei rs  1  ocated a t  Crescent, Speel , (Figure 2) Salmon 
Bay, Hugh Smith Lakes, and the Naha and Karta Rivers (Figure 3) w i l l  
provide escapement, t i m i n g  data and scale samples; the  scale samples w i l l  
be used by the  Stock Biology Group t o  define b i o l og i ca l  markers t h a t  may 
be used t o  i d e n t i f y  the con t r ibu t ion  o f  these stocks t o  the  var ious 
f i sher ies .  

Other proposed studies under U.S./Canada inc lude a  microwi re  tagging study 
of the Hugh Smith and McDonald Lakes sockeye. The proposal c a l l s  f o r  the 
re lease o f  30,000 o r  more sockeye smolt t h a t  have had coded w i r e  tags 
implanted i n  t h e i r  heads from each system. The recovery o f  these f i s h  from 



t he  f i s h e r y  w i l l  p rov ide  i n f o r m a t i o n  on t h e  t o t a l  c o n t r i b u t i o n  o f  these 
stocks t o  t h e  f i she ry ,  determine t h e  e x p l o i t a t i o n  r a t e s  f o r  these stocks 
and i d e n t i f y  t h e  f i s h e r i e s  where these stocks a re  in tercepted.  Another 
tagging study i s  proposed t o  assess t h e  A lsek  R ive r  (F igure 4) sockeye 
stocks; a f e a s i  b i l  i t y  study i s  t e n t a t i v e l y  scheduled f o r  t h i s  season. 

OBJECTIVES 

1. To mon i to r  t h e  escapement o f  sockeye salmon i n t o  key 
spawning systems throughout Southeast Alaska. 

2. To i d e n t i f y  escapement goals f o r  sockeye systems i n  
Southeast A1 aska. 

3. To i d e n t i f y  i n t e r c e p t i n g  f i s h e r i e s  and i n t e r c e p t i o n  r a t e s  o f  
these f i s h e r i e s  on t h e  var ious  sockeye stocks. 

RESULTS and DISCUSSION 

Lynn Canal Studies 
Escapements have been recorded a t  Ch i l ka t .and  Ch i l koo t  Lakes from 1967 
and 1976, respec t i ve l y .  When Chi 1 koot  w e i r  was p u t  on 1 i n e  i n  1976, 
es t imated escapement goals f o r  these systems were s e t  a t  60 thousand 
t o  70 thousand and 80 thousand t o  90 thousand f o r  C h i l  k a t  and C h i l  - 
koot, respec t i ve l y .  Since t h a t  t i  me, escapement goals f o r  bo th  stocks 
have been reached o r  exceeded 8 o f  11 years (Figures 5 and 6). 

I n  1981 t h e  escapement goals t o  both systems were ad jus ted  w i t h  C h i l -  
k a t  being increased t o  a range o f  70 thousand t o  90 thousand and 
C h i l  koot  reduced t o  a range o f  60 thousand t o  80 thousand; t h e  goals 
shown i n  f i g u r e s  5 and 6 are  midpoints.  

Due t o  the  p r o x i m i t y  o f  C h i l  koot  w e i r  t o  t h e  f i she ry ,  management was 
ab le  t o  respond t o  changes i n  t h e  escapement and implement t h e  
appropr ia te  management act ions. F igure  7 demonstrates t h e  e f f e c t i v e -  
ness o f  t h e  management o f  t h e  Ch i l koo t  stocks; except f o r  t h r e e  years 
(1976, 78, and 82) management was ab le  t o  come w i t h i n  25% o f  t h e  
escapement goals, and 5 years t h e  escapement goals were exceeded by no 
more than 10%. Between 1976 and 1986 C h i l k a t  escapement goa ls  were 
reached o r  exceeded 8 o f  t he  11 years; however, du r ing  o n l y  4 of t h e  
11 years were the  escapements w i t h i n  20% o f  t h e  escapement goal s ( 
F i g u r e  8). 

F igures 9 and 10 descr ibe t h e  annual escapements t o  C h i l k a t  and C h i l -  
koot  Lakes, r e s p e c t i v e l y  i n  r e l a t i o n  t o  t h e i r  averages. The average 
escapement t o  C h i l  k a t  Lake f o r  t h e  p e r i o d  o f  reco rd  was approximate ly  
63 thousand f i s h  and C h i l  koot  84 thousand. The t r u e  average escapement 
t o  C h i l k a t  may have been h igher  had, du r ing  t h e  1967 through 1970 
seasons, t h e  w e i r  been r u n  beyond t h e  17 th  o f  September. Th i s  " e a r l y  
c losure"  may have missed the  l a t e  season surge i n  escapement observed 
s i n c e  1971. 

F igure  11 provides and example o f  t h e  l a t e  season surge i n  escapement 
t o  C h i l  k a t  t h a t  1 i m i  t s  t h e  appl i c a t i o n  o f  C h i l  k a t  escapement informa- 



t ion t o  in-season management. By August 20 the summer season fo r  
sockeye i s  essent ial ly  over. Figure 11 describes the e r a t i c  nature of 
the arr ival  of the escapement a t  Chilkat weir and the unpredict ibi l i ty  
of in-season escapement enumeration a t  Chilkat weir. Projected e s t i -  
mates of the escapement have been made which u t i l  ize  a run  model tha t  
encorporates stock composition of the catch, Chilkoot escapement and 
assumes re1 t ive ly  uniform exploitation ra tes  fo r  the two stocks. The 
model has had limited success due t o  what may be d i f fe rent ia l  harvest 
ra tes;  fo r  example in 1986 the model projected an escapement of 50-55 
thousand which included the subsistence catch. The observed escapement 
was approximately 23,000. A tagging study proposal has been drafted 
that ,  i f  found feasible,  could describe more clear ly the harvest r a t e s  
on the two stocks and generate a more accurate projection of the in- 
season escapement; the l imit ing factor  in f e a s i b i l i t y  of t h i s  study 
will  be our ab i l i t y  t o  capture enough sockeye t o  tag. 

Escapement goal s 

Escapement goals for  C h i l  koot and Chil kat Lakes were f i r s t  estimated 
in 1976. The basis fo r  these goals was the estimated rearing capacity 
of the respective lakes. Evaluation of the subsiquent escapements 
re1 ied on the ident i f icat ion of returns from known brood year escape- 
ments. This has turned out t o  be a lengthy and time consuming process 
with up  t o  6 years elapsing t o  account fo r  the return of the progeny 
from one brood year escapement. Begining in the spring of 1987 we wil l  
begin a limnology study of Chilkoot and Chilkat Lakes i n  cooperation 
with NSRRA and ADF&G's FRED Division. The objectives of the study are  
to:  

1) Measure the euphotic zone and provide and in t h i s  way 
estimate the rearing capacity of the lakes. 

2) Identify potential for  enhancement. 

U.S./Canada Studies 

Escapement estimation studies funded by U.S./Canada have produced 
escapement records shown in Table 1 Snettisham weirs and Table 2 
Southern Southeast weirs. The McDonald Lake escapement estimates were 
derived in a number of ways; basically, they were derived from f ~ o t  
surveys adjusted by a correction factor  calculated by the FRED 
Division in 1981, 1983, and 1984 when they were operating a weir a t  
t h a t  s i te .  

In addition t o  the escapement enumeration being conducted a t  weirs, a 
micro-wire smolt tagging study was in i t i a t ed  a t  McDonald and Hugh 
Smith Lakes in 1986; the f i r s t  f i sh  t o  return from t h i s  release will  
appear as two ocean f i sh  in 1988. Scale samples are being collected 
for  stock identification purposes. Scale samples are being analysed by 
the Stock Biology Group. 

SUMMARY 

The collection of escapement data i s  providing useful information on some 
of our sockeye stocks, however, t h i s  information would increase in value 



i f  we knew how many f i sh  we needed in the respective escapements t o  
sustain a healthy population. Essentially what I'm saying i s  t ha t  we now 
need t o  establ ish escapement goals fo r  these stocks. In January of t h i s  
year I drafted a memo (attached) to  Dave Cantillon 1 i s t ing  escapement 
goals fo r  a number of sockeye systems in southeast Alaska. The memo 1 is ted 
these goals as ranges and there were two se t s  of ranges, one s e t  based on 
the c r i t e r i a  used t o  se t  the escapement goals f o r  Chil koot and Chil kat by 
the Comm. Fish Division and the other using c r i t e r i a  established by the 
FRED. Division fo r  McDonald Lake. The point i s  t ha t  we need a uniformly 
accepted method of arriving a t  escapement goals so when we are asked by 
the public what these goals are we a l l  use the same figures. 



~ i q u r e l  ~ y k n  Canal Fishery areas and supporting sockmye salmon 
spawning syrtrms, Chi 1 koot and Chi 1 kat Lakes. 



Figure 2. The Taku River and Port Snettisham sockeye salmon spawning 
sys terns . 



Figure 3 .  Location of weir sites used t o  record the escapement of 
sockeye salmon and other salmonids in the southern part of southeastern 
Alaska, 1982-83. 



-- 

f igure .  4. The Situk River and Yakutat salmon spawning systems. 

















T a b l e  1 . Flnnual s a l m o n  e s c a p e m e n t s  th -rough  . S p e e l  and C r e s c e n t  
L a k e s  Weirs, 1977-86. 

................................................................... 
P e r i o d  

Year S o c k e y e  Coha P i n k  Chum King  T o t a l  O p e r a t e d  
____-_-_------------------------------------------------------------ 
S p e e l  

1383 10,362 43 143 C) 0 10,548 7/01-9/22 
1384 '3,764 6 26 0 0 9,736 71 15-9/08 
1385 7,073 (1) O 2 0 7,075 7/15-8/23 
1386 5,860 (3 7 0 0 5,867 7/13-8/29 

Crescent 
1377 1, 073 10 3,443 115 e J 4,658 7/07-8/23 
1378 1 , 043 62 1,358 13 r:) 3,082 6/28-8/ 13 
1383 13,476 no record 1 19, 477 6/20-8/24 
1384 6, 807 33 6,047 685 4 13,576 7/10-3/12 
1385 7, Z49 108 9, 631 746 1 17,735 7/16-8/20 
1386 3, 405 28 1, (3415 228 4 4,711 7/12-8/23. 



Table 2. Southern Southeast A1 aska sockeye salmon escapements, 1979-1986. 

SOCKEYE SQLMON ESCFIPEMENTS a 

YERR HUGH SMITH SQLMON BFIY KEGFIN .............................. 
NE NE 
NE NE ' 

NE NE 
16,041 14,385 
14, 023 E),651 * 

5,668 NE 
34, 308 NE 

3,035 NE 

........................................................................ 
a a1 1 col.\rtt s not o t h e r w i s e  s p e c i  f i e d  were w e i r  c c ~ u n t s .  

b Ttzttal ctf f c ~ o t  s t t r v e y s  

c W e i r -  w a s  rrclt f i s h  t i q h t .  R P e t e l - s o n  est inlate fr-elm f i s h  t a g g e d  a t  
t h e  w e i r -  prlzlduced a p o i n t  est irnate e s c a p e m e n t  o f  6, 368 sucl-ceye. 

d T h e s e  e s c a p e n i e n t  s w e r e  t h e  r e s u l t  tzlf f c ~ o t  s u r v e y s  a n d  w e r e  
1 a t  e r -  r e v i s e d  by back.  calcl-\l a t  i n g  u s i n g  cor - r -ec t  iorr f act~zar-s  
r e s u l t i n g  from a cclrnpar-.islz~r~ of w e i r  co l . \ n t s  w i t h  F ' e t e r s l= t r~  
est i m a t  es f clr t h e  y e a r s  138 1 ,  1383 arrd 1384. T h e  r-ev i s i clrts prlztd u c e d  
e s c a p e m e n t  est irnates t:tf 25, 000 a n d  80,  (:)(:)(I fo r  1373 arrd 1'380, 
r e s p e c t  i v e l  y. 

e T h e  w e i r -  w a s h e d  ~zl l - t t  a f t e r -  34, (:)a(:) f i ~ h  h a d  beer1 co t - t n t ed .  R F t e t e r s s r r  
est irnate i n d i c a t e d  t h a t  app rc lx  i m a t e l y  50, 0(:)0 f i s h  h a d  e s c a p e d  t 1 1 6  t h  
l a k e .  

f T h e s e  e s c a p e m e n t s  w e r e  t h e  r e s u l t  ctf P e t e r s c a n  est imates a n d  stream 
st - r rveys .  
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To: Dave cant i. 1.lort Date: January 9, ' 1987 
Regi-onrl- Superviso~ 
Commercial.Fisherles Division 
Douglas 

From: Fred Bergander Subject : Escapement Goals 
Fisheries Biologist 
Commercial Fisheries Division 
Douglas 

Re: our earl ier conversat ion about establ ish ing escapement goals 
fur Southern Southeastern Rlaska Sockeye systems. Following is a 
summary of escapement goals for select sockeye systems in 
Southern Southeastern that I recieved from Don House. The 
escapement goals were formulated using two approaches; 1 )  basing 
the escapement goals on 25-90 spawners per surface acre, the 
spawning density observed at systems such as Chilkaot and 
Chi lkat, 2) basing the number 1=1f spawners 121n the estimated level 
of primary productivity of the lakes as determined by the FRED 
Division. 

Lake Surface acres Escapement goa 1 Escapement qoa 1 
based on 25/30 based 111n pr- i mar-y 
spawners/acre pr-oduct ivity 
in thousands in tho&-tsands 

K 1 awclck 
Hetta 
Karta 
(Bt-lt h 1ak.e~) 

Keg ar~ 
McDclna 1 d 
Hugh Smith 
Helrn Lake 
Eakewell 
Badger 



U. S ./Canada Research Salmon I n t e r c e p t i o n  S t u d i e s ,  
sou thern  Southeas t  A1 aska 

and nor thern  B r i t i s h  Col umbi a 
1982 and 1983 

Steve  Hoffman 
Commercial F i s h e r i e s  Div is ion  

Alaska Department o f  Fish and Game 

A major  a d u l t  sockeye salmon tagging  p r o j e c t  was conducted du r ing  1982 and 
1983 i n  southern  Southeas t  Alaska and nor thern  B r i t i s h  Columbia. The 
o b j e c t i v e s  were t o  i n v e s t i g a t e  t h e  i n t e r c e p t i o n  rates o f  sockeye salmon 
i n  s e l e c t e d  f i s h e r i e s ,  and t o  i d e n t i f y  mig ra t i on  p a t t e r n s ,  run t iming ,  and 
degree of  s t o c k  in t e rming l ing  f o r  sockeye r e t u r n i n g  t o  t h e s e  a reas .  Pre- 
vi ous sockeye salmon tagging  i n v e s t i g a t i o n s  had i 11 u s t r a t e d  t h e  ex t remely  
mixed n a t u r e  o f  southern Southeas t  A1 aska and nor thern  B r i t i s h  Col umbi a 
sockeye salmon f i s h e r i e s ,  de f ined  major s t o c k  groups, and i d e n t i f i e d  major -  
migra t ion  rou tes .  However, a d d i t i o n a l  in format ion  on sockeye salmon 
i n t e r c e p t i o n  r a t e s  i n  boundary a r e a  f i s h e r i e s ,  coup1 ed w i t h  more p r e c i  s e  
in format ion  on sockeye salmon migra t ion  p a t t e r n ,  run t iming ,  and s t o c k  
in t e rming l ing ,  i s  r equ i r ed  f o r  e f f e c t i v e  salmon management by both 
country's f i s h e r i e s  management agencies.  

A t o t a l  of  8,720 and 9,998 sockeye salmon were tagged and r e l e a s e d  i n  1982 
and 1983, r e s p e c t i v e l y ,  dur ing  ope ra t i on  of  t h e  p r o j e c t  i n  southern  South- 
e a s t  Alaska. In add i t i on ,  36,875 and 23,716 sockeye salmon were tagged 
and r e l e a s e d  i n  1982 and 1983, r e s p e c t i v e l y ,  by the Canadian Department of 
F i s h e r i e s  and Oceans i n  nor thern  British Columbia (Fig. 1). Char te red  
s e ine ,  g i l l n e t ,  and t r o l l  v e s s e l s  (Canadian only)  were employed t o  c a p t u r e  
sockeye salmon i n  a number o f  genera l  c o a s t a l  wa te r  r e l e a s e  a r e a s  i n  
southern  Southeas t  A1 aska and nor thern  B r i t i s h  Columbia (F igures  2 and 3). 
In a d d i t i o n ,  secondary tagging  was conducted i n  t h e  S t i k i n e  (1983 only) ,  
Nass, and Skeena Rivers  (1982 and 1983). Highly v i s i b l e ,  sequent i  a1 l y  
numbered, and uniformly l abe l ed  red Peterson d i s k  t a g s  were used t o  f a c i l -  
i t a t e  maxi mum commerci a1 and spawning s t ream recove r i e s .  During 1982 
35.6% of  t h e  sockeye salmon r e l ea sed  (4.9% i n  A1 aska, 30.7% i n  Canada) 
were recovered,  wh i l e  in  1983 20.7% (4.1% i n  Alaska, 16.6% i n  Canada) were 
r e tu rned  (F igure  4). Tag r e c o v e r i e s  dur ing  both y e a r s  were r epo r t ed  from 
spawning s t reams,  commercial f i s h e r i e s ,  s p o r t  f i s h e r i e s ,  and i n c i d e n t a l  
pub l i c  r e t u r n s ,  wi th  t h e  m a j o r i t y  o f  t a g s  recovered in - s t r eam and dur ing  
commerci a1 f i s h e r i e s .  

The d i s t r i b u t i o n  o f  recovered sockeye salmon t a g s  r e l e a s e d  i n  1982 and 
1983 i n  southern  Southeas t  Alaska i l l u s t r a t e d  t h a t  D i s t r i c t  101 and 102 
sockeye salmon r e t u r n  v i a  Dixon Entrance and Sumner/Cl a r ence  S t r a i t ,  whi l e 
District 103 and 104 sockeye s a l  mon move d i r e c t l y  i n sho re  v i a  numerous 
west c o a s t  i s l a n d  passages and Cordova Bay. The m a j o r i t y  o f  D i s t r i c t  106, 
and 107 sockeye salmon s tocks  move inshore  t o  t h e i r  n a t u r a l  s t r eams  v i a  
lower  Sumner S t r a i t  w h i l e  a small  percentage r e t u r n  v i a  Dixon Entrance and 
lower  Clarence S t r a i t  (Figures  5-7). Sockeye salmon d e s t i n e d  f o r  no r the rn  
B r i t i s h  Columbia systems r e t u r n  v i a  s eve ra l  d i f f e r e n t  rou tes .  Skeena 
River sockeye r e t u r n  v i a  Dixon Entrance, Sumner/Cl a rence  S t r a i t ,  and 1 ower 



Hecate S t r a i t ,  while Nass River sockeye move inshore t o  t h e i r  na tura l  
stream v ia  Dixon Entrance and Sumner/Clarence S t r a i t  (Figures 8 and 9). 

Sockeye sa l  mon inshore migrat ions occurred i n  a f a i  r l y  o rde r ly  manner 
throughout the  study areas. Peak migrat ion periods were evident  f o r  some 
individual  s tocks  and l a r g e r  un i t s ,  suggesting t h a t  e f f e c t i v e  management 
s t r a t e g i e s  based on run t iming may be devised by ad jus t ing  f i s h i n g  periods 
to ,  o r  around, migrat ion periods and/or homogeneous a reas  t o ' p r o t e c t  o r  
d i r e c t  harves t  t o  se lec ted  stocks. However, t h i s  approach may be l i m i t e d  
by t h e  degree of s tock intermingling i n  most a reas  of southern Southeast 
A1 aska and northern Bri t i  sh Col umbi a, especi a1 l y  during June and July. 

In tercept ion  r a t e  e s t ima tes  i n  t h e  primary t a g  r e l e a s e  a reas  were derived 
from t h e  1982 (A1 askan and Canadian analys is )  and 1983 (Canadian analysi  s 
only) adu l t  salmon tagging s tudies .  These es t ima tes  would be expected t o  
r e f l e c t .  nat ional  s tock por t ions  i n  t h e  study a reas  during t h e  t a g  r e l e a s e  
periods f o r  t h e  combination of  r e l a t i v e  s tock size and migrat ion p a t t e r n s  
which occurred during these  two years. Estimates of 1982 Canadian c o n t r i -  
bution r a t e s  i n  e i g h t  southern Southeast Alaska study a reas  ranged from 21 
t o  80 percent f o r  sockeye, with Noyes/Dall Is land repor t ing  t h e  h ighes t  
r a t e s  (Table 1). In seven northern British Columbia study a reas ,  e s t i -  
mated Alaskan contr ibut ion  r a t e s  ranged from 0 t o  11 percent ,  wi th  Area 1 
se ine  repor t ing  t h e  highest  r a t e  (Table 1). Results of t h e  1983 tagging 
study i n d i c a t e  Canadian cont r ibut ion  r a t e s  i n  s i x  southern Southeast  
A1 aska study areas  ranged from 31 t o  95% f o r  sockeye, wi th  Dall I s land 
repor t ing  the  highest  r a t e  (Table 1). In tercept ion  r a t e s  f o r  six Canadian 
study a reas  ' f o r  A1 askan stocks ranged from 0 t o  4 percent  f o r  sockeye, 
w i t h  Area 1 se ine  repor t ing  the  highest  r a t e  (Table 1.) 



U.S. T a g  
Releases 

W Can. Tag 
Releases 

Year 

Figu re  1. U.S./Canada sockeye salmon P e t e r s o n  d i s k  t a g  r e l e a s e s ,  1982 
and 1983. 



Tagging. and Recovery Locations, 1982 

Tagging Locations (trill) 

F igure  2 .  U.S./Canada i n t e r c e p t i o n  r e s e a r c h  sockeye salmon t aqg ing  and 
t a g  recovery l o c a t i o n s ,  1 9 8 2 .  



Tagging and Recovery Locations, I983 



Can.  T a g  

fik. T a g  

Figure 4. U.S./Canada research sockeye salmon tag recoveries, 1982 
and 1983. 



Figure 5. Alaskan Districts 101 and 102 sockeye salmon 
migration routes, 1982 and 1983. 



Figure 6. A l a s k a n  Districts 1 0 3  a n d  104 sockeye salmon 
1 

3iqration routes, 1982 a n d  1983. 





Migration Routes, Skeena Sockeye 1982 and 1983 
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Migration Routes, Nass Sockeye 1982 and 1983 



Table 1. U.S./Canada sockeye salmon. interception rates for southern Southeast 
Alaska and northern British Columbia Fishery Areas, 1982-1983. 

1982* 1983** 
Area U.S. Canada U.S. Canada 

(Percent) (Percent) (Percent) (Percent) 
Area 1 Troll 0 100 - - 
Area 1 Seine 11 89 4 96 

Area 3X 5 95 1 99 

Area 3Y 5 95 2 98 

Area 32 5 

Area 4 8 

Area 5 1 99 0 100 

Noyes Island 21 79 9 91 

Muzon/Dall Island 20 80 5 95 

Summner Strait - 
Upper Clarence 31 

Middle Clarence 57 

Lower Clarence 79 21 6 94 

cape FOX 29 71 10 90 

Cordova Bay 65 35 - - 
* U.S. and ~anadian analysis 

** ~anadian analysis only 



OVERVIEW OF SCALE PATTERN ANALYSIS 

B e n j a m i n  W .  Van A l e n  
A l a s k a  D e p a r t m e n t  o f  F i s h  and  Game 

C o m m e r c i a l  F i s h e r i e s  D i v i s i o n  
Doug1 as,  A1 a s k a  

INTRODUCTION 

S c a l e  p a t t e r n  a n a l y s i s  (SPA) i s  an  i m p o r t a n t  management  t o o l  u s e d  
i n  f i s h e r i e s  t h r o u g h o u t  A l a s k a .  S c a l e  p a t t e r n  a n a l y s i s  i s  u s e d  
t o  make e s t i m a t e s  o f  t h e  s t o c k  c o m p o s i t i o n  o f  f i s h  h a r v e s t e d  i n  
m i x e d  s t o c k  f i s h e r i e s ,  i e .  w h a t  a r e  t h e  p r o p o r t i o n s  a n d  n u m b e r  o f  
e a c h  o f  t h e  m a j o r  s t o c k s  t h a t  c o n t r i b u t e  t o  a  f i s h e r y .  O b v i o u s l y  
t h e  management  o f  m i x e d  s t o c k  f i s h e r i e s ,  w h i c h  m o s t  A l a s k a n  
f i s h e r i e s  a r e ,  w o u l d  b e  enhanced  i f  r e 1  i a b l e  e s t i m a t e s  w e r e  
a v a i l a b l e  o f  t h e  w e e k l y  h a r v e s t  b y  s t o c k .  

R e s u l t s  o f  a  SPA a r e  u s e d  i n - s e a s o n  m a i n l y  t o  e v a l u a t e  r u n  
s t r e n g t h ,  r u n  t i m i n g ,  and t h e  s p a t i a l  d i s t r i b u t i o n  o f  e a c h  s t o c k .  
T h i s  i n f o r m a t i o n  i s  n e e d e d  b y  t h e  m a n a g e r s  t o  s e l e c t i v e l y  h a r v e s t  
o r  p r o t e c t  c e r t a i n  s t o c k s  and r e g u l a t e  h a r v e s t  r a t e s  s o  t h a t  
e s c a p e m e n t  g o a l s  a r e  me t .  P o s t - s e a s o n ,  SPA e s t i m a t e s  o f  t h e  
number  h a r v e s t e d  b y  s t o c k  i s  u s e d  t o  e v a l u a t e  s u c c e s s  o f  
management  s t r a t e g i e s ,  i n  m i g r a t o r y  t i m i n g  s t u d i e s ,  and  i n  r u n  
r e c o n s t r u c t i o n  n e e d e d  f o r  s p a w n e r - r e c r u i t  m o d e l s  f o r  f o r e c a s t i n g  
r e t u r n s  and s e t t i n g  e s c a p e m e n t  g o a l s .  

S c a l e  p a t t e r n  a n a l y s i s  i s  a l s o  u s e f u l  i n  a l l o c a t i n g  c a t c h e s  
b e t w e e n  u s e r  g r o u p s ,  and n a t i o n s  as i s  t h e  c a s e  b e t w e e n  U.S. and 
Canada w h e r e  a n n u a l  e s t i m a t e s  o f  i n t e r c e p t i o n s  a r e  n e e d e d  t o  
d e t e r m i n e  e n t i t l e m e n t s  as d e f i n e d  i n  t h e  P a c i f i c  S a l m o n  T r e a t y .  
As a consequence ,  r e s u l t s  f r o m  a  s i n g l e  SPA a r e  o f t e n  u s e d  t o  
mee t  t h e  g o a l s  o f  b o t h  ' c o n s e r v a t i o n  and a l l o c a t i o n .  

I n  t h i s  p a p e r  I r e v i e w  t h e  o v e r a l l  m e t h o d s  f o r  d o i n g  SPA a n d  
d e s c r i b i n g  t h e  a p p l i c a t i o n s  o f  SPA i n  t h e  management  o f  S o u t h e a s t  
A l a s k a ' s  s o c k e y e  s a l m o n  f i s h e r i e s .  I w i l l  a l s o  d i s c u s s  t h e  
de .ve lopmen t  o f  " m i x t u r e  m o d e l s "  i n  w h i c h  t w o  o r  m o r e  b i o l o g i c a l  
m a r k e r s ,  age c o m p o s i t i o n ,  SPA, b r a i n  p a r a s i t e ,  o r  g e n e t i c  s t o c k  
i d e n t i f i c a t i o n  ( G S I ) ,  a r e  c o m b i n e d  i n  a s i n g l e  s t o c k  
i d e n t i f i c a t i o n  mode l .  The d i s c u s s i o n  w i l l  c e n t e r  p r i m a r i l y  o n  
t h e  a p p l i c a t i o n  o f  SPA r a t h e r  t h a n  on d e t a i l s  o f  r e s u l t s  f r o m  
t h e s e  s t u d i e s .  



OVERVIEW O F  SCALE PATTERN ANALYSIS 

, The p a t t e r n  o f  c i r c u l i  on s c a l e s  i s  a  h i s t o r y  o f  t h e  g r o w t h  o f  
t h e  f i s h .  Salmon w i t h  s i m i l a r  g rowth  h i s t o r i e s  have s i m i l a r  
p a t t e r n s  o f  c i r c u l  i ,  w h i l e  t h o s e  w i t h  d i f f e r e n t  g rowth  h i s t o r i e s '  
have d i f f e r e n t  p a t t e r n s .  S c a l e  p a t t e r n  a n a l y s i s  (SPA) t h e n  
employees  t h i s  n a t u r a l  " b i o l o g i c a l  marke rn  u s i n g  p a t ' t e r n  
r e c o g n i t i o n  methodology t o  a s s i g n  a  f i s h  sampled  f rom 'a mixed 
s t o c k  f i s h e r y  t o  t h e  group which i t s  s c a l e  p a t t e r n  most  
r e p r e s e n t s .  

To do a  SPA, s c a l e  d a t a  f r o m  f i s h  o f  known o r i g i n  a r e  c o m b i n e d  i n  
a  mu1 t i v a r i a t e  d i s c r i m i n a n t  model which maximizes  between g roup  
d i f f e r e n c e s  r e l a t i v e  t o  w i t h i n  g roup  d i f f e r e n c e s .  T h i s  model i s  
t h e n  used t o  c l a s s i f y  f i s h  o f  unknown o r i g i n ,  f rom t h e  c a t c h e s ,  
i n t o  one of t h e  g r o u p s  i n  t h e  model. 

To a c c u r a t e l y  c l a s s i f y  f i s h ,  one f i r s t  needs  t o  d e t e r m i n e  what 
r u n s / s t o c k s  c o n t r i b u t e  t o  t h e  f i s h e r y  and how t h e s e  r u n s  s h o u l d  
be grouped ( i f  n e c e s s a r y ) .  The g r o u p i n g  o f  s t o c k s  a r e  based  both  
on t h e  needs  of management and d i f f e r e n c e s  i n  s c a l e  p a t t e r n s .  

The a c c u r a c y  of a  SPA model depends on d i f f e r e n c e s  i n  g rowth  
h i s t o r i e s  between s t o c k s ,  and when h i s t o r i c a l  models  a r e  used ,  o n  
p r e s e n c e  of  c o n s i s t e n t  and p e r s i s t e n t  d i f f e r e n c e s  between y e a r s .  
The p r e c i s i o n  of an a l l o c a t i o n  made th rough  SPA i s  dependen t  

. upon: (1) t h e  model a c c u r a c y ;  ( 2 )  t h e  s i z e  o f  t h e  s a m p l e  used t o  
c o n s t r u c t  and e v a l u a t e  t h e  r u l e ;  ( 3 )  t h e  s i z e  of  t h e  sample  drawn 
from t h e  s t o c k s  when mixed; and, ( 4 )  when t h e  a n a l y s i s  i s  
s t r a t i f i e d  by age  c l a s s ,  t h e  p r e c i s i o n  of  t h e  age c o m p o s i t i o n  
e s t i m a t e s .  

There a r e  a  number of  p a t t e r n  r e c o g n i t i o n  methods - l i n e a r  
d i s c r i m i n a n t  f u n c t i o n  ( L D F ) ,  q u a d r a t i c  d i s c r i m i n a n t  f u n c t i o n ,  
p o l y n i m i a l  d i s c r i m i n a n t  f u n c t i o n ,  n e a r e s t  n e i g h b o r ,  maximum 
l i k e l i h o o d ,  and o t h e r s .  Each method r e q u i r e s  d i f f e r e n t  
a s s u m p t i o n s  abou t  t h e  u n d e r l y i n g  d i s t r i b u t i o n s  o f  t h e  v a r i a b l e s ,  
w i t h  L D F  be ing  t h e  most r e s t r i c t i v e ,  r e q u i r i n g  t h a t  v a r i a b l e s  by 
n o r m a l l y  d i s t r i b u t e d  among o t h e r  t h i n g s .  In a c t u a l i t y ,  L D F  has  
been found t o  be f a i r l y  r o b u s t  a g a i n s t  d e v i a t i o n s  from n o r m a l i t y  
w i t h  l a r g e  sample  s i z e s  and c o n t i n u o u s  v a r i a b l e s  and we t y p i c a l l y  
use i t .  

Compared t o  o t h e r  s t o c k  i d e n t i f i c a t i o n  t e c h n i q u e s ,  SPA has  
s e v e r a l  d i s t i n c t  advan tages :  s c a l e  d a t a  i s  u s u a l l y  a l r e a d y  
a v a i l a b l e  s i n c e  b a s e l i n e  age,  s e x ,  and s i z e  d a t a  i s  r o u t i n e l y  
sampled from a l l  ma jo r  c a t c h e s  and e scapement s ;  s c a l e s  a r e  e a s y  
t o  s t o r e  and do n o t  d e t e r i o r a t e  w i t h  t i m e ;  r e p l i c a t e  c o p i e s  of 
s c a l e  i m p r e s s i o n s  a r e  e a s y  and i n e x p e n s i v e  t o  make, f a c i l i t a t i n g  
independen t  c o n f i r m a t i o n  o f  r e s u l t s ;  t h e  a c c u r a c y  and p r e c i s i o n  
of c l a s s i f i c a t i o n  r u l e s  i s  e a s i l y -  t e s t e d ;  and a c q u i s i t i o n  o f  
s c a l e  p a t t e r n  d a t a  i s  r a p i d  and a n a l y s i s  i s  s i m p l e ,  t h u s  c o s t  i s  
low. 



L i m i t a t i o n s  f o r  SPA i n c l u d e :  a l l  m a j o r  c o n t r i b u t i n g  s t o c k s  must be 
p r e s e n t  i n  t h e  model;  t h e r e  must be m e a s u r a b l e  d i f f e r e n c e s  i n  
s c a l e  p a t t e r n s  between g roups ;  models  can be v e r y  s e n s i t i v e .  t o  
t h e  way t h e  s t a n d a r d s  a r e  c o n s t r u c t e d  ( e s p e c i a l l y  i f  w i t h i n - g r o u p  
v a r i a b i l i t y  i s  l a r g e ) ,  and u n d e r l y i n g  a s s u m p t i o n s  must be met f o r  
t h e  model chosen.  R e s u l t s  from t a g g i n g  s t u d i e s  a r e  h e l p f u l  i n  
d e t e r m i n i n g  what s t o c k s  c o n t r i b u t e  t o  a  f i s h e r y  and s e n s i t i v i t y  

. a n a l y s i s ,  employing  r e s u l t s  f rom t a g g i n g  s t u d i e s  among. o t h e r  
t h i n g s ,  a r e  h e l p f u l  f o r  e v a l u a t i n g  and c o n t r o l l i n g  b i a s  i n  model 
c o n s t r u c t i o n .  

All  SPA conducted  by S tock  Bio logy Group p e r s o n n e l  i s  done i n  a  
manner which c o n t r o l s  s e v e r a l  known o r  p o t e n t i a l  s o u r c e s  of  
v a r i a b i l i t y .  A l l  SPA models  a r e  age c l a s s  s p e c i f i c ;  age  pooled  
models have g e n e r a l l y  f a i l e d  t o  y i e l d  r e s u l t s  e q u i v a l e n t  t o  age -  
s p e c i f i c  model s. I n - s e a s o n  c l a s s i f i c a t i o n s  a r e  based  on 
h i s t o r i c a l  models  which a r e  updated  a n n u a l l y  o r ,  i n  some c a s e s ,  
w i t h  c u r r e n t  y e a r  s t a n d a r d s .  P o s t - s e a s o n  c l a s s i f i c a t i o n s  a r e  
based on c u r r e n t  y e a r  s t a n d a r d s .  Al l  i n - s e a s o n  c l a s s i f i c a t i o n s  
a r e  r e - r u n  p o s t - s e a s o n  t o  c a l c u l a t e  t h e  b e s t  p o s s i b l e  e s t i m a t e s  
d e s p i t e  i n - s e a s o n  e s t i m a t e s  seldom f a l l i n g  o u t s i d e  t h e  90% 
c o n f i d e n c e  bounds of  t h e  p o s t - s e a s o n  e s t i m a t e s .  The same r e a d e r  
d i g i t i z e s  a l l  s c a l e s  used i n  an a n a l y s i s .  

he a c c u r a c y  of  t h e  L i n e a r  D i s c r i m i n a n t  Func t ion  (LDF) models  a r e  
e s t e d  us ing  a  l e a v i n g - o n e - o u t  " j a c k k n i f e "  p r o c e d u r e s .  The 
c c u r a c y  of  t h e  models  i s  f u r t h e r  enhanced u s i n g  an a d j u s t m e n t  

m a t r i x  based on t h e  e r r o r  r a t e  from t h e  l e a v i n g - o n e - o u t  
p rocedure .  V a r i a b l e s  a r e  added t o  t h e  model u s i n g  a  s t e p w i s e  
s e l e c t i o n  p r o c e d u r e  ( s e e  Marshal 1  e t .  a l .  1 9 8 4 ) .  

All  s c a l e  a n a l y s i s  f o r  t h i s  Region i s  c u r r e n t l y  done i n  o u r  
" S c a l e  Lab" a t  t h e  r e g i o n a l  o f f i c e  i n  Douglas.  A c c e t a t e  
i m p r e s s i o n s  of s c a l e s  a r e  p r o j e c t e d  a t  l O O X  m a g n ' i f i c a t i o n  o n t o  a  
d i g i t i z i n g ' t a b l e t  on which a  t r a i n e d  r e a d e r  e l e c t r o n i c a l l y  p o i n t s  
o u t  t h e  l o c a t i o n  of  each c i r c u l i  w i t h i n  p r e d e f i n e d  s c a l e  zones  
a long  a  l i n e a r  a x i s  of t h e  s c a l e  p e r p e n d i c u l a r  t o  t h e  a n t e r i o r -  
p o s t e r i o r  f i e l d s  ( F i g u r e  1). O u r  cus tom,  mic rocompute r  based ,  
s o f t w a r e  t h e n  g e n e r a t e s  v a r i a b l e s  based on t h e  number and s p a c i n g  
of c i r c u l i  i n  each  of  t h e  s c a l e  zones.  Custom F O R T R A N  programs 
a r e  used t o  c o n s t r u c t  LDF models and c l a s s i f y  c a t c h  s a m p l e s .  
The a c c u r a c y  and p r e c i s i o n  of  a l l  c l a s s i f i c a t i o n s  i s  r o u t i n e l y  
computed and r e p o r t e d .  

The Depar tment  i s  d e v e l o p i n g  an a u t o m a t i c  o p t i c a l  p a t t e r n  
r e c o g n i t i o n  sys tem.  T h i s  sys tem shows g r e a t  p o t e n t i a l  f o r  
improving  t h e  e f f i c i e n c y ,  c o n t r o l l i n g  t h e  r e a d e r  v a r i a b i l i t y ,  
and, p o s s i b l y ,  i n c r e a s i n g  t h e  a c c u r a c y  o f  SPA based  c a t c h  
a l l o c a t i o n s .  With in  a  few y e a r s  a g i n g  and d e t e r m i n a t i o n s  of 
s t o c k  o r i g i n s  might  be accompl i shed  by s i m p l y  p u t t i n g  a  s t a c k  o f  
a c c e t a t e s  i n  t h e  hopper  o f  a  machine which a u t o m a t i c a l l y  
d e t e r m i n e s  ( e s t i m a t e s )  t h e  age and s t o c k  of  o r i g i n  o f  each  s c a l e .  



APPLICATIONS OF SPA I N  SOUTHEAST ALASKA 

The D i v i s i o n  o f  C o m m e r c i a l  F i s h e r i e s  c u r r e n t l y  e m p l o y s  SPA i n  t h e  
i n -  and p o s t - s e a s o n  management o f  o v e r  10 A l a s k a n  f i s h e r i e s .  I n  
S o u t h e a s t  A l a s k a  SPA i s  used  i n  t h e  i n - s e a s o n  management o f  
sockeye  s a l m o n  i n  t h e  Lynn  Canal  g i l l n e t  f i s h e r y  (McPherson  
1987), t h e  T a k u / S n e t t i s h a m  g i l l n e t  f i s h e r y  (McGregor  1896) ,  and 
t h e  P r i n c e  o f  Wales ( D i s t r i c t  106) and  S t i k i n e  ( D i s t r i c t  108)  
g i  11  n e t  f i s h e r i e s  (01  i v e r  and McGregor  1986).  S c a l  e  p a t t e r n  
a n a l y s i s  i s  used  p o s t - s e a s o n  t o  a l l o c a t e  sockeye  s a l m o n  c a t c h e s  
i n  a1 1  Bounda ry  and T r a n s b o u n d a r y  a r e a  g i l l n e t  and s e i n e  
f i s h e r i e s  i n  t h e  r e g i o n  ( O l i v e r  and Jensen  1986).  S c a l e  p a t t e r n  
a n a l y s i s  i s  a l s o  u s e d  t o  e v a l u a t e  r u n  t i m i n g  a n d  r u n  s t r e n g t h  o f  
t h e  v a r i o u s  s t o c k s  i n  t h e  S t i k i n e  and Taku R i v e r s .  We a l s o  have  
c o n d u c t e d  SPA i n - s e a s o n  t o  e s t i m a t e  t h e  s t o c k  c o m p o s i t i o n  o f  
sockeye  sa lmon  h a r v e s t e d  i n  D i s t r i c t  101  s e i n e  and g i l l n e t  
f i s h e r i e s .  S c a l e  p a t t e r n  a n a l y s i s  was used  b y  t h e  D e p a r t m e n t ,  
a l o n g  w i t h  m i g r a t o r y  t i m i n g  i n f o r m a t i o n  and t a g g i n g ,  t o  p r o v e  ' 

t h a t  t h e  Kayak I s l a n d  p u r s e  s e i n e  f i s h e r y  i n t e r c e p t e d  sockeye  
bound f o r  s y s t e m s  o u t s i d e  t h e  Cordova  a rea .  

Lynn Cana l  - A C l a s s i c a l  A e g l i c a t i o n  o f  SPA - -- ----- - - --------- - -------- -- --- 
S c a l e  p a t t e r n s  o f  t h e  t w o  m a i n  c o n t r i b u t i n g  s t o c k s ,  C h i l k a t  and 
C h i l  k o o t  ( F i g u r e  2) ,  a r e  so u n i q u e ,  t h a t  a  t r a i n e d  s c a l e  r e a d e r  
( i e .  S c o t t  McPherson t h e  P r o j e c t  B i o l o g i s t )  can  c o r r e c t l y  
i d e n t i f y  s t o c k  o r i g i n s  b e t t e r  t h a n  93% o f  t h e  t i m e  based  s o l e l y  
on v i s u a l  e x a m i n a t i o n  o f  s c a l e s  on a  m i c r o f i c h e  r e a d e r .  The f i s h  
g row  s l o w e r  i n  t h e  c o l d e r ,  g l a c i a l l y  o c c l u d e d  C h i l k o o t  Lake  t h a n  
i n  t h e  warmer ,  more  e u t r o p h i c  C h i l k a t  Lake. T h i s  d i f f e r e n c e  i n  
g r o w t h  e n v i r o n m e n t s  i s  r e f l e c t e d  i n  t h e  s c a l e s ,  w i t h  C h i l k o o t  
f i s h  h a v i n g  s u b s t a n t i a l l y  f e w e r  f r e s h w a t e r  c i r c u l  i and s m a l l e r  
f r e s h w a t e r  zones  t h a n  C h i l k a t  f i s h .  

Our S t o c k  B i o l o g y  Group has e s t i m a t e d  w e e k l y  s t o c k  c o m p o s i t i o n s  
o f  t h e  Lynn  Canal  f i s h e r y  c a t c h  s i n c e  1981. Our e s t i m a t e s  w e r e  
o r i g i n a l l y  based  on m u l t i v a r i a t e  d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  
o f  d i g i t i z e d  s c a l e  d a t a ,  howeve r  t h e  p a s t  t h r e e  y e a r s  M r .  
McPherson has e s t i m a t e d  s t o c k  c o m p o s i t i o n s  based  s o l e l y  on v i s u a l  
d i f f e r e n c e s .  The a c c u r a c y  o f  h i s  v i s u a l  c l a s s i f i c a t i o n s  i s  
t e s t e d  a n n u a l l y  v i a .  a  " b l i n d  t e s t n .  

M r .  McPherson c u r r e n t l y  a s s i g n s  c a t c h  samp les  i n t o  one o f  t h r e e  
g r o u p s  - C h i l k a t ,  C h i l  k o o t ,  and O t h e r .  The O t h e r  g r o u p  c o n s i s t s  
o f  C h i l k a t  m a i n s t e m  and B e r n e r s  R i v e r  s t o c k s  and s i g n i f i c a n t  
c o n t r i b u t i o n s  o c c u r  o n l y  d u r i n g  t h e  f i r s t  f e w  weeks o f  t h e  
season.  M r .  McPherson a l s o  e s t i m a t e s  t h e  c o n t r i b u t i o n  o f  Lynn  
Canal  f i s h  t o  t h e  D i s t r i c t  112 p u r s e  s e i n e  f i s h e r y .  

I n - s e a s o n  SPA i n v o l v e s  p r o j e c t  p e r s o n n e l  samp l  i n g  c o m m e r c i  a1 
l a n d i n g s  i n  E x c u r s i o n  I n l e t  and o t h e r  p o r t s  o f  l a n d i n g  and 
i m m e d i a t e l y  f o r w a r d i n g  t h i s  s c a l e  d a t a  t o  Juneau  w h e r e  S c o t t  
McPherson ages and s t o c k  ID 'S  each  f i s h .  S c o t t  t h e n  p r o v i d e s  t h e  



management b i o l o g i s t s  w i t h i n  jus t  a  few h o u r s  o f  r e c e i p t  o f  t h e  
s c a l e s  w i t h  an e s t i m a t e  of  t h e  p r o p o r t i o n  h a r v e s t e d  by s t o c k .  
These s t o c k  c o m p o s i t i o n  e s t i m a t e s  when combined w i t h  t h e  weekly  
c a t c h  d a t a  . y i e l d s  an e s t i m a t e  o f  the  h a r v e s t  by s t o c k .  These 
e s t i m a t e s  a r e  t h e n  used i n  t h e  management models  ment ioned  above. 

The r e s u l t s  of  t h e s e  weekly SPA'S i s  an i n t e g r a l  p a r t  of  i n -  
season  management models  ( t h e r e ' s  more t h a n  one) t h a t  combine 
s t o c k  c o m p o s i t i o n  e s t i m a t e s  from SPA w i t h  c a t c h ,  e s c a p e m e n t ,  
C P U E ,  age c o m p o s i t i o n ,  and m i g r a t o r y  t i m i n g  d a t a  t o :  (1) f o r e c a s t  
r e t u r n s ;  and ( 2 )  e s t i m a t e  e scapement s  ( p a r t i c u l a r l y  o f  C h i l k a t  
f i s h ) .  

R e s u l t s  of S P A  a r e  u s e f u l  i n  u n d e r s t a n d i n g  t h e  s p a t i a l  
d i s t r i b u t i o n  of t h e  s t o c k s  and a s s e t s  t h e  manager i n  d i r e c t i n g  
t h e  h a r v e s t  t o  s e l e c t i v e l y  h a r v e s t  o r  p r o t e c t  c e r t a i n  runs. 

The b ig  problem f a c i n g  management o f  Lynn Canal sockeye  salmon 
now i s  t o  c o n s i s t e n t l y  a t t a i n ,  b u t  n o t  exceed ,  e scapement  g o a l s  
f o r  t h e  C h i l k a t  Lake r u n . '  Escapements  f o r  t h i s  r u n  have ranged 
'between -69% and +68% of  t h e  d e s i r e d  e scapement  t h e  s i n c e  1981. 
Such l a r g e  d e v i a t i o n s  have n o t  o c c u r r e d  f o r  C h i l k o o t  Lake 
e s c a p e m e n t s ,  l a r g e l y  because  e scapement s  a r e  known a f t e r  o n l y  a 
f i v e  d a y  l a g  f r o m  t h e  f i s h e r y  c o m p a r e d  t o  a  2 t o  4 week 1a.g f o r  
C h i l k a t .  

C u r r e n t  r e s e a r c h  c e n t e r s  on: (1 )  employing  s t o c k  s p e c i f i c  
h i s t o r i c a l  m i g r a t o r y  t i m i n g  d a t a  t o  p r e d i c t  f u t u r e  r e t u r n s ;  and 
( 2 )  use of  s t o c k  s p e c i f i c  c a t c h - p e r - u n i t - o f - e f f o r t  d a t a  t o  
p r e d i c t  Chi1 k a t  escapement .  

The Lynn Canal f i s h e r y  d a t a  base  i s  c e r t a i n l y  one of  t h e  b e s t  i n  
t h e  w o r l d  w i t h  a  l o n g  t i m e  s e r i e s  o f  a c c u r a t e  c a t c h  and  
escapement  e s t i m a t e s  and, s i n c e .  1981, e s t i m a t e s  of t h e  harv 'es t  
abundance,  age,  s e x ,  and s i z e  c o m p o s i t i o n ,  by s t o c k .  

TakuLSnet t isham G i l l n e t  F i s h e r y  = SPA Evolves ---- ---------- ------- ------ 

Under Andrew McGregor's r e i n s ,  SPA based e s t i m a t i o n  o f  t h e  s t o c k  
c o m p o s i t i o n  of  D i s t r i c t  111 sockeye  salmon g i l l n e t  c a t c h e s  has  
undergone q u i t e  an e v o l u t i o n .  I n i t i  a1 s t o c k  i d e n t i f i c a t i o n  work, 
1981 t o  1984, i n v o l v e d  s i m p l y  p o s t - s e a s o n  a1 l o c a t i o n  o f  c a t c h e s  
between Taku R i v e r  and S n e t t i s h a m  ( C r e s c e n t  and Spee l  R i v e r )  
s t o c k s  ( F i g u r e  3) .  The i n i t i a l  q u e s t i o n  was t o  what  l e v e l  d o e s  
C r e s c e n t  and Speel  s t o c k s  c o n t r i b u t e  and a r e  t h e y  s e g r e g a t e d  by 
a r e a  o r  t i m e  from t h e  Taku Rive r  r u n .  The p a s t  c o u p l e  o f  y e a r s ,  
w i t h  t h e  i m p l e m e n t a t i o n  o f  t h e  P a c i f i c  Salmon T r e a t y  i n  1985 and 
i t s  p r o v i s i o n  t h a t  C a n a d i a n  f i s h e r m e n  g e t 1 5 X o f t h e  T A C t o t h e  
Taku R i v e r ,  t h e  a p p l i c a t i o n  of SPA has  evo lved  t o  be an i n - s e a s o n  
p r o j e c t  which p r o v i d e s  managers w i t h  weekly e s t i m a t e s  o f  t h e  
Canadian (Taku) and U.S. (Speel  and C r e s c e n t )  c o n t r i b u t i o n s .  



Tab1 e 2 .  --Presence o f  t he  b r a i n  p a r a s i t e  Mvxobol us 
neurobius i n  r e t u r n i n g  a d u l t  s o c k e y m  
' l O n c o r h c h u s  nerka) f o r  d i f f e r e n t  spawning 
areas + o t e mainstem Taku R ive r  i n  south- 
eastern A1 aska and nor thwestern B r i  ti sh 
Columbia, 1986. I n  parentheses i s  percent  of 
sampled f i s h  w i t h  the  b r a i n  p a r a s i t e  . by 
l oca t i on ;  - N = sample s ize.  

Locat ion  
No. f i s h  . 

w i t h  p a r a s i t e  - N 

b/ Lower Canadian- 46 (78) 59 

Middle ~ a n a d i a d '  37 (13) 286 

Upper ~ a n a d i  a&' 8 (15) 5 3 - 
Tota l  110 (18) 507 

a ' ~ e h r i n g  and Fish creeks. 
!'south Fork Slough. 
S'K~ ng Salmon F l a t s  s ide  channel complex. 
2 '~ower  Na k i  na R i  ver  s ide  channel s. 



Table 3.--Freshwater age of  r e tu rn ing  a d u l t  sockeye salmon 
(Oncorhynchus nerka)  f o r  d i f f e r e n t  spawning a reas  of 
the  mainstem T a k u R i v e r  in  southeas tern  Alaska and 
northwestern B r i t i s h  Columbia, 1986. In parentheses 
i s  percent  sampled f i s h  by loca t ion  and f reshwater  
age; N = sample s i z e .  

No'. f i s h  by freshwater  age 

Location 
-- 

a /  U.S. Section- 

b / Lower Canadian- 34 (55) 28 (45) 62 

Middle ~ a n a d i a & /  196 (64) 104 (34) 4 ( 2 )  304 

d 1 Upper Canadian- 10 (24)  29 (71) 2 (5 )  4 1 - 
Total 246 (48) 257 (50) 10 ( 2 )  513 

a / ~ e h r i n g  and Fish creeks. 
E / ~ o u t h  Fork Slough.  in^ Salmon F l a t s  s i d e  channel complex. 
z '~ower Nakina River s i d e  channel s .  



Tab1 e 4. --Brood-year s t r e n g t h  of r e t u r n i n g  a d u l t  sockeye salmon 
(Oncorh nchus nerka)  f o r  d i f f e r e n t  spawning areas o f  t h e  + mainstem a u R-iver i n  southeastern Alaska and nor thwes te rn  
B r i t i s h  Columbia, 1986. I n  parentheses i s  pe rcen t  o f  
brood-year f i s h  by  1 o c a t i o n  and year ,  a s t e r i s k  i n d i c a t e s  
<1.0%, and - N = sample s i ze .  

- 

No. f i s h  by  brood yea r  

Loca t i on  1980 198.1 1982 i983 1984 - N 

a/ U.S. Sec t io *  1(1) 70(66) 34(32) 1 (1) 106 

b/ Lower canadi an- 16(26) 23(37) 23(37) 6 2 

Midd le  ~ a n a d i  a&' 33(11) 203(67) 67(22) I(*) 304 

Upper Canadian- 2(5) 16(39) 18(44) 41 - 4(10) l(2) - - 
T o t a l  3(*) 135(26) 278(54) 95(19) 2(*) 513 

a / ~ e h r i n g  and F i sh  creeks. 
!'south Fork Slough. 
' / k ing  Salmon F l a t s  s i d e  channel complex. 
1 ' ~ o w e r  Nakina R i v e r  s i d e  channels. 

- 



T h i s  SPA p r o j e c t  c o m p l i m e n t s  a  m a r k - r e c a p t u r e  p r o j e c t  i n  t h e  
l o w e r  T a k u  R i v e r  w h i c h  e s t i m a t e s  T a k u  R i v e r  e s c a p e m e n t .  

I n  1986, c a t c h e s  w e r e  c l a s s i f i e d  i n - s e a s o n  t o  T a k u  o r  S n e t t i s h a m  
o r i g i n  u s i n g  1985  d a t a .  The Taku  R i v e r  s t a n d a r d  was b u i l t  o n  
s c a l e s  f r o m  f i s h  c a u g h t  i n  f i s h w h e e l s  a t  Canyon I s l a n d .  T e m p o r a l  
changes  i n  s t o c k  c o m p o s i t i o n  o f  s o c k e y e  s a l m o n  p a s s i n g  t h r o u g h  
t h i s  l o w e r  r i v e r  s a m p l  i n g  s i t e  n e c e s s i t a t e d  c l a s s i f i c a t i o n  o f  
f i s h  u s i n g  s e q u e n t i a l l y  u p d a t e d  s t a n d a r d s .  S u f f i c i e n t  s a m p l e s  
w e r e  a v a i l  a b l e  f r o m  1985 c o l l e c t i o n s  t o  c o n s t r u c t  f i v e  s e p a r a t e  
s t a n d a r d s  f o r  e a c h  t w o  week t i m e  i n t e r v a l .  

Andy McGregor ' s  c u r r e n t  p o s t - s e a s o n  a n a l y s i s  h a s  f o u n d  g o o d  
s e p a r a t i o n  o f  D i s t r i c t  111 c a t c h e s  i n t o  s i x  g r o u p s :  (1 ) .  C r e s c e n t  
L a k e ;  ( 2 )  S p e e l  L a k e ;  ( 3 )  K u t h a i  L a k e ;  ( 4 )  T r a p p e r  L a k e ;  ( 5 )  
T a t s a m e n i e  Lake;  and (6 )  T a k u  R i v e r  s p a w n e r s ,  C l a s s i f i c a t i o n  
a c c u r a c i e s  f o r  t h i s  6 - g r o u p  m o d e l  w e r e  76% f o r  age 1.3 f i s h  and  
66% f o r  age 1.2 f i s h  ( c o m p a r e d  t o  a  16.7% c h a n c e  o f  r a n d o m l y  
a s s i g n i n g  f i s h  i n  a  6 - w a y  m o d e l  t o  t h e  c o r r e c t  g r o u p ) .  These  t w o  
age g r o u p s  c o m p r i s e d  73% o f  t h e  c a t c h ,  o t h e r  age  c l a s s e s  w e r e  
c l a s s i f i e d  b a s e d  on d i f f e r e n c e s  i n  age c o m p o s i t i o n s  and  t h e  SPA 
c l a s s i f i c a t i o n s  o f  t h e s e  t w o  age c l a s s e s .  Andy a l s o  c l a s s i f i e d  
C a n a d i a n  c o m m e r c i a l  i n - r i v e r  g i l l n e t  c a t c h e s  t o  K u t h a i  Lake,  
T r a p p e r  Lake,  T a t s a m e n i e  Lake ,  o r  r i v e r  g roups '  (mean 
c l a s s i f i c a t i o n  a c c u r a c i e s  w e r e  73% and 80% f o r  age 1.2 and 1.3 
f i s h ,  r e s p e c t i v e l y ) .  The m i g r a t o r y  t i m i n g  r e s u l t s  f r o m  SPA a r e  
b e i n g  c o m p a r e d  t o  t h a t  f r o m  t h e  m a r k - r e c a p t u r e  p r o j e c t .  

R i v e r  f i s h  w e r e  c l a s s i f i e d  1  e a s t  a c c u r a t e l y ,  w i t h  s c a l e  p a t t e r n s  
m o s t  s i m i l a r  t o  S p e e l  Lake  and T r a p p e r  Lake.  Age 0. f i s h  w e r e  
o n l y  s a m p l e d  f r o m  R i v e r  e s c a p e m e n t s ;  age 0. f i s h  i n  t h e  c a t c h  
w e r e  c l a s s i f i e d  t o  t h e  R i v e r  g r o u p .  

I n c o r p o r a t i o n  o f  b r a i n  p a r a s i t e  ( M y x o b o l  u s  n e u r o b i  u s )  p r e v a l e n c e  
i n  an age c o m p o s i t i o n - S P A - b r a i n  p a r a s i t e  m i x t u r e  m o d e l  t h i s  
c o m i n g  s e a s o n  w i l l  p r o b a b l y  i m p r o v e  a c c u r a c y  o f  s t o c k  c o m p o s i t i o n  
e s t i m a t e s .  A l a s k a n  s t o c k s  h a v e  a  h i g h e r  p a r a s i t i s m  r a t e  t h a n  
C a n a d i a n  s t o c k s .  

C l a s s i f i c a t i o n  t o t a l s  o f  i n - s e a s o n  m o d e l s  w e r e  c o m p a r a b l e  t o  
t h o s e  o f  p o s t - s e a s o n  m o d e l s  a l t h o u g h  d i f f e r e n c e s  e x i s t e d  i n  some 
w e e k l y  e s t i m a t e s .  Use o f  t h e  f o u r  s e p a r a t e  s t o c k  s t a n d a r d s  f o r  
Taku  R i v e r  g r o u p s  s h o u l d  i m p r o v e  a c c u r a c i e s  o f  i n - s e a s o n  
c l a s s i f i c a t i o n s  t h i s  c o m i n g  season.  

B o u n d a r y  A r e a  F i s h e r i e s  - SPA Found M o s t  C o s t  E f f e c t i v e  ------- ---- --------- - --- ----- ---- ---- --------- 
C o o p e r a t i v e  i n t e r n a t i o n a l  U.S./Canada r e s e a r c h  p r o g r a m s  w e r e  
begun i n  1982  t o  a c c e s s  s e v e r a l  m e t h o d s  o f  e s t i m a t i n g  n a t i o n  o f  
' o r i g i n  o f  s o c k e y e  s a l m o n  c a u g h t  i n  b o u n d a r y  a r e a  i n t e r c e p t i n g  
f i s h e r i e s .  These  m e t h o d s  i n c l u d e d  a d u l t  t a g g i n g ,  GSI, b r a i n  
p a r a s i t e ,  and  SPA. S c a l e  p a t t e r n  a n a l y s i s  h a s  p r o v e d  t o  b e  
h i g h l y  a c c u r a t e ,  e a s i l y  a p p l i e d ,  and r e l a t i v e l y  i n e x p e n s i v e  f o r  



e s t i m a t i n g  n a t i o n a l  o r i g i n s  and has  been s u c c e s s f u l l y  used t o  
e s t i m a t e  i n t e r c e p t i o n s  i n  a l l  s o u t h e r n  S o u t h e a s t  Alaska  n e t  
f i s h e r i e s  s i n c e  1982. See O l i v e r  and Jensen  (1986) f o r  
d e s c r i p t i o n  o f  1985 a n a l y s i s  and r e f e r e n c e s  t o  e a r l i e r  work. 

S i g n i f i c a n t  and p e r s i s t e n t  d i f f e r e n c e s  have been found i n  t h e  - 
f r e s h w a t e r  and e a r l y  mar ine  growth  of  A1 askan and Canadian f i  sh.  
Alaskan f i s h  grow l e s s  and s l o w e r  t h a n  Ca'nadian f i s h .  . L i t t l e  o r  
no p l u s  g r o w t h  i s  f o u n d  o n  s c a l e s  f r o m  A l a s k a n  f i s h  s i n c e  t h e y  do 
n o t  have t o  m i g r a t e  t h e  long  d i s t a n c e s  down t h e  t r a n s b o u n d a r y  
r i v e r s  t h a t  t h e  Canadian f i s h  do. These d i f f e r e n c e s  i n  growth  
a l l o w  e a s y  and a c c u r a t e  s e p a r a t i o n  of  Canadian and Alaskan 
s t o c k s .  

S e n s i t i v i t y  a n a l y s i s  conducted  f o r  f i s h  aged 1.3 i n  1982 found 
model a c c u r a c i e s  r o b u s t  t o  t h e  manner i n  which s t a n d a r d s  a r e  
c o n s t r u c t e ' d ,  t h e r e f o r e  no p r i o r  knowledge r e g a r d i n g  m i g r a t o r y  
pathways,  s t o c k  abundance,  o r  age c o m p o s i t i o n  was r e q u i r e d  t o  
draw samples  t o  r e p r e s e n t  each n a t i o n .  I n t e r a n n u a l  v a r i a b i l i t y  in  
s c a l e  p a t t e r n s  i s  s m a l l  and h i s t o r i c a l  models have proven 
a c c u r a t e  f o r  e s t i m a t i n g  i n t e r c e p t i o n s .  

The accuracy  of  o u r  SPA based c a t c h  a l l o c a t i o n s  was f u r t h e r  
t e s t e d  in  1985 w i t h  a  " b l i n d  t e s t "  c l a s s i - f i c a t i o n  of  s c a l e  
samples  t a k e n  from f i s h  of  known o r i g i n .  These known o r i g i n  f i s h  
were ones t h a t  were tagged and s u b s e q u e n t l y  r e c o v e r e d  i n  
c o n j u n c t i o n  w i t h  t h e  U.S./Canada a d u l t  t a g g i n g  p r o j e c t  ' i n  1984. 
Our S P A  models per formed a d m i r a b l y ,  t h e  t r u e  s t o c k  c o m p o s i t i o n  
p r o p o r t i o n s  were w i t h i n  t h e  90% c o n f i d e n c e  bounds o f  a l l  " b l i n d  
t e s t "  c l a s s i f i c a t i o n s .  

S e i n e  and g i l l n e t  c a t c h e s  from s o u t h e r n  S o u t h e a s t  Alaska  
D i s t r i c t s  101 t o  108, have been c l a s s i f i e d  t o  n a t i o n  and /o r  
sys tem of o r i g ' i n  based on a n a l y s i s  of  age c o m p o s i t i o n s  and s c a l e  
p a t t e r n s  s i n c e  1982. S e p a r a t e  age s p e c i f i c  L D F  models  a r e  
c o n s t r u c t e d  f o r  f i s h  aged  1 . 2 ,  1 . 3 ,  2 . 2 ,  and 2.3. T h e s e  f o u r  a g e  
c l a s s e s  c o m p r i s e  95-99% of t h e  c a t c h e s .  All LDF models  a r e  based 
o n  c u r r e n t  y e a r  s t a n d a r d s .  

Mean c l a s s i f i c a t i o n  a c c u r a c i e s  a r e  c o n s i s t e n t l y  b e t t e r  t h a n  90% 
f o r  2-way Alaska  vs.  Nass/Skeena models ,  b e t t e r  t h a n  80% f o r  3-  
way Alaska vs. Nass/Skeena vs.  T a h l t a n  o r  S t i  k i n e  models ,  and 
b e t t e r  t h a n  75% f o r  t h e  4-way models. M i s c 1 a s s i f i c a t i o n s  a r e  
u s u a l l y  h i g h e s t  between t h e  Canadian g roups .  

D i s t r i c t  108, 106-41, and 106-30 g i l l n e t  c a t c h e s  a r e  c l a s s i f i e d  
t o  A1 aska ,  Nass/Skeena, Tahl t a n ,  and S t i  k i n e  (non-Tahl t a n )  
o r i g i n .  S e i n e  and g i l l n e t  c a t c h e s  i n  a l l  o t h e r  d i s t r i c t s  a r e  
c l a s s i f i e d  t o  Alaska  and Nass/Skeena o r i g i n .  Samples from r u n s  
t o  28 Alaskan r i v e r s  ( F i g u r e  4) a r e  combined i n  equa l  p r o p o r t i o n s  
t o  c o n s t r u c t  t h e  Alaska s t a n d a r d  and samples  from Nass and Skeena 
R i v e r s  a r e  combined i n  equal  p r o p o r t i o n s  t o  c o n s t r u c t  t h e  
Nass/Skeena s t a n d a r d .  



In 1985, Nass/Skeena f i s h  domina ted  c a t c h e r  i n  D i s t r i c t  101 
g i l l n e t  (69%) and 104 s e i n e  (78%) f i s h e r i e s  ( F i g u r e s  5 and 6) 
w.hile Alaskan  f i s h  domina ted  c a t c h e s  i n  D i s t r i c t s  101 
(82%)(F igure  7 ) ,  102 (78%), and 103 (75%) s e i n e  f i s h e r i e s .  
Alaskan f i s h  c o n t r i b u t e d  48% of  t h e  D i s t r i c t  106-30 and 106-41 
ca,tch.es and T a h l t a n  and S t i k i n e  f i s h  compr i sed  l e s s  t h a n  11% of  
t h e  c a t c h e s  i n  t h e s e  d i s t r i c t s  ( F i g u r e s  8 and 9). 

D i s t r i c t  106 and 108 G i l l n e t  F i s h e r i e s  = I n - s e a s o n  SPA E s t i m a t e s  _------- --- --- --- ------- --------- 
f o r  a Minor C o n t r i b u t i n g  S tock  --- 

In r e s p o n s e  t o  t h e  P a c i f i c  Salmon T r e a t y  mandate  t h a t  Canadian 
f i s h e r m e n  a r e  e n t i t l e d  t o  35% o r  10,000 f i s h  ( w h i c h e v e r  i s  
g r e a t e r )  of  t h e  T A C  o f  S t i k i n e  R ive r  sockeye  sa lmon,  we began a  
p r o j e c t  i n  1984 t o  e s t i m a t e  i n t e r c e p t i o n s  of  S t i k i n e  R i v e r  f i s h  
i n - s e a s o n  i n  D i s t r i c t  106 and 108 g i l l n e t  f i s h e r i e s .  Under Glen 
O l i v e r  and Ka th leen  J e n s e n ' s  s u p e r v i s i o n ,  t h i s  p r o j e c t  has  
succeeded i n  p r o v i d i n g  f i s h e r y  managers  w i t h  s t o c k  c o m p o s i t i o n  
e s t i m a t e s  from each  weekly f i s h e r y  w i t h i n  48 hours  o f  t h e  f i s h  
bei ng 1  anded. 

The p a s t  two s e a s o n s ,  s e p a r a t e  a l l o c a t i o n s  were  made f o r  
D i s t r i c t s  106-41 (Sumner S t r a i t )  and 106-31 (Upper C l a r e n c e  
S t r a i t ) .  Ca tches  were a1 l o c a t e d  t o  Tahl t a n ,  S t i  k i n e ,  A1 a s k a ,  and 
Nass/Skeena o r i g i n .  I n - s e a s o n  models  have g e n e r a l l y  pe r fo rmed  
a c c u r a t e l y  when compared t o  p o s t - s e a s o n  models  ( p o i n t  e s t i m a t e s  
n e a r l y  a lways  f a l l  w i t h i n  t h e  90% c o n f i d e n c e  bounds o f  t h e  p o s t -  
s eason  models ) .  The s t o c k  c o m p o s i t i o n  of  D i s t r i c t  106 and 108 
t e s t  g i l l n e t  c a t c h e s  has  a l s o  been r o u t i n e l y  e s t i m a t e d  by p r o j e c t  
p e r s o n n e l .  These e s t i m a t e s  a r e  p a r t i c u l a r l y  v a l u a b l e  f o r  weeks 
t h a t  t h e  commercial  f i s h e r y  i s  c l o s e d .  

D e s p i t e  t h e  D i s t r i c t  106 f i s h e r y  be ing  t h e  ma jo r  U.S. 
i n t e r c e p t i n g  f i s h e r y  f o r  sockeye  salmon bound f o r  t h e  S t i k i n e  
R ive r ,  S t i k i n e  f i s h  g e n e r a l l y  c o m p r i s e  a  s m a l l ,  l e s s  t h a n  153,  of  
t h e  D i s t r i c t  106 h a r v e s t .  The s m a l l  r e l a t i v e  c o n t r i b u t i o n  of  
S t i k i n e  f i s h  has " t e s t e d "  t h e  a c c u r a c y  of  o u r  models.  As f o r  t h e  
Taku I n l e t  f i s h e r y ,  t h e  i n c l u s i o n  of  b r a i n  p a r a s i t e  d a t a  i n  an 
age-SPA-brain p a r a s i t e  model shou ld  improve model a c c u r a c y  and 
p e r m i t  t h e  d i s c r i m i n a t i o n  of  a d d i t i o n a l  s t o c k s .  

S c a l e  p a t t e r n  a n a l y s i s  has  proven t o  be h i g h l y  a c c u r a t e ,  e a s i l y  
a p p l i e d ,  and r e l a t i v e l y  i n e x p e n s i v e  f o r  e s t i m a t i n g  o r i g i n s  o f  
sockeye  salmon i n  s e v e r a l  S o u t h e a s t  Alaska  f i s h e r i e s .  R e s u l t s  
from SPA p r o j e c t s  a r e  i m p o r t a n t  i n  t h e  i n - s e a s o n  management of  
sockeye  salmon g i l l n e t  f i s h e r i e s  i n  D i s t r i c t s  115, 111, 108, and 
106 and f o r  p o s t - s e a s o n  a l l o c a t i o n  of c a t c h e s  i n  i n  a l l  s o u t h e r n  
S o u t h e a s t  A1 aska  g i l l  n e t  and p u r s e  s e i n e  f i s h e r i e s .  S i g n i f i c a n t  



and p e r s i s t e n t  d i f f e r e n c e s  have been found i n  t h e  f r e s h w a t e r  and 
e a r l y  m a r i n e  g rowth  o f  Alaskan and Canadian f i s h ,  e n a b l i n g  
a c c u r a t e  e s t i m a t i o n  of  n a t i o n a l  c o n t r i b u t i o n s  and f u l f i l  1  ment of  
t h e  P a c i f i c  Salmon T r e a t y  r e q u i r e m e n t s  t o  e s t i m a t e  i n t e r c e p t i o n s .  
Fur the rmore ,  s u c c e s s  a t  s e p a r a t i n g  ma jo r  Canadian and Alaskan 
runs ( i e .  T a h l t a n ,  S t i k i n e ,  Nass, Skeena,  McDonald, and Hugh 
Smi th )  based on SPA and age  c o m p o s i t i o n  a l o n e  o r  i n  c o m b i n a t i o n  
w i t h  b r a i n  p a r a s i t e  a n d / o r  g e n e t i c  d a t a  a p p e a r s  p r o m i s i n g  and of  
v a l u e  both  f o r  compl i ance  w i t h  t h e  T r e a t y  and f o r  d o m e s t i c  
management needs .  
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Figure 2. Map of Lynn Canal showing the fishing district and 
sectiona and principal spawning and rearing areas. 



Figure 3. The Taku River, Port Snettisham. and adjacent fishing 
areas. 
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7. K r h  Laha 
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1 U p p r  S r k r  Laka 
12. K l r o e k  L.lu 
1 Kushmhln Laka 
1 4  kth L J .  

Figure 4. Sockmy- aalmon rtockr included in thr Alarka 
rtandard. 
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Figure 6. Weekly catch by stock in Alaska's District 104 purse 
seine fishery, 1985. 



STATISTICAL WEEK 

CIASKA a WSS-SKELW 

Figure 7. Weekly catch by stock in Alaska's District 101 purse 
seine fishery, 1985. 



Figure 8. Weekly catch by stock in Alaeka's Dlstriet 106-30 
gillnet fishery, 1985. 



Figure 9. Weekly catch by stock in Alaska's District 106-41 
gillnet fishery. 1985. 
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MEMORANDUM 
TO: Ken Parker 

State of Alaska 
DEPARTMENT OF FISH AND GAME 

DATE: May 11, 1987 
Director 
Division of Commercial Fisheries FILE NO.: - - 

Department of Fish and Game 
TELEPHONE NO.: 4 6 5 - 4 2 10 

FROM: Doug Eggers &f 
SUBJECT: Revised Memo : 

Eggers to . Parker 
Dated 2/19/87 

Fishery Scientist 
Division of Commercial Fisheries 
Department of Fish and Game 

Subject: Benefits and Costs of the Commercial Fisheries 
Division Program --- Experience in Bristol Bay Sockeye 
Salmon. This is a revised version of original memorandum. 

EXECUTIVE SUMMARY: 

A minirnum estimate of the value of additional dollars 
invested in the Alaska Deparmnt of Fish and Game (ADFhG) , 
Division of Commercial Fisheries program of Bristol Bay 
management and research at the FY 85 funding level is that 
for every additional $1 invested in ADF&G1s program results 
in increased catches worth $23 to the fishermen and $43 to 
the processors. 

. 
I have finished the cost/benefit analysis of the Division of 
Commercial Fisheries program in Bristol Bay. The approach 
was to develop computer models with stock dynamics, as well 
as levels of management precision implicit to simulate 
catches. To fully document the model and simulation results 
will require a rather lengthy manuscript. Because of prior 
commitments of my time, I will not be able to finish the 
manuscript in time for the necessary budget defense. The 
following is a brief abstract of the approach and results 
(in memorandum form) for use in defending our program, and 
is complimentary to the work that Gordon Kruse is 
completing. 

The following arguments are based on compensatory stock 
recruitment dynamics, and therefore, the qualitative 
recommendations on level of investment and management 
approach would apply to any stock of fish that has a highly 
compensatory stock recruitment relationship. 

Introduction 

Except for the Kvichak cycle years, where high escapement 
levels have always been achieved, there has been a steady 
decline in Bristol Bay catches of sockeye salmon from the 
19309s, following buildup of the fishery, to the early 
1970 ' s (Fig. 1) when catches were at historically minimum 
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levels. This decline in catches is thought to be the result 
of low production due to either interceptions in the 
Japanese high seas fishery being higher than documented or 
poor environmental conditions or both, contributing to the 
inability to maintain adequate escapement levels during 
years of poor return in face of the intense inshore fishery. 
Since the early 1970's the Bristol Bay stocks have recovered 
and the production is close to maximum sustainable levels. 
This has resulted from more precise management under which 
escapement levels were maintained during the disastrously 
low return years of 1971 through 1975, that resulted in the 
severe restrictions placed on the inshore fishery, the 
ten-fold reductions in high seas interception beginning in 
1974, and very high production due to a combination of 
favorable environmental conditions and reduced high seas 
interceptions. 

Because of the long history of highly intensive management 
and quality of the historical data base that has resulted 
from the State of Alaska and industry investment in stock 
assessment and fisheries monitoring, we have been able to 
develop and implement the management decisions that have 
brought about the rebuilding of the -Bristol Bay sockeye ' 

salmon stocks to the present high levels of production. 
However, the Bristol Bay management system that has been on 
line since statehood does cost money. The peak level of 
Bristol Bay expenditures (I am assuming that roughly 10 
percent of Commercial Fisheries general fund expenditures 
was for Bristol Bay sockeye salmon) was in FY 85, and was 
approximately $1.88 million per year. Between FY 67 and FY 
85 there was an almost continuous increase (roughly $78.3 
thousand per year) Bristol Bay expenditures (Figure 2) . 
Note that I am using past expenditures adjusted for 
inflation and standardized to 1986 $ $ $  based on the 
Anchorage consumer price index. 

With the large reductions in the commercial fisheries budget 
that are being considered, we must question the approach, as 
well as the level of investment that the division is using 
to manage fisheries. Are more cost-effective management 
approaches available? If not, what does the reduction in 
programs that have taken place since FY 85 mean in terms of 
actual costs to the industry? I have undertaken an analysis 
to address these questions for Bristol Bay. In Bristol Bay, 
the length of the time series and quality of total return 
data by age class and river system is sufficient for the 
development of models of the stock's response to 
exploitation, so that the actual returns expected under 
alternative management scenarios can be evaluated, 
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Brief Description of the Simulation Model 

The model used here was adapted from the model used (Eggers 
and Rogers, 1987) to evaluate the Kvichak cycle and ADF&G 
historical management policy for that system. The form of 
the model is a computer program that recursively constructs 
the current run from production of previous brood years, 
allocates the run to catch and escapement, then projects the 
future year returns from that escapement. For each year 
simulated the returns constituting the run are collected. 
The Bristol Bay run consists of four major age classes from 
three brood years including 1.2 (age 4 ) ,  2.2 (age 5), 
1.3 (age 5) , and 1.3 (age 6) . The run is then allocated to 
catch and escapement based on a harvest submodel. The total 
returns from a given escapement are calculated using the 
spawner/recruit submodel. The total returns are then 
allocated to specific age classes and future run years based 
on age at return submodel. Note the model used here has 
natural variation implicit in the spawner recruit, age at 
return, and harvest submodels. 

Spawner Recruit Submodel. 

A model was built for five river systems or stocks including 
Ugashik, Egegik, Naknek, Kvichak, and Nushagak. The latter 
is the p'ooled runs of the Nushagak. District, including the 
Igushik, Wood and Nuyakuk Rivers. The Kvichak stock has 
implicit brood year interaction, and the model used by 
Eggers and Rogers (1987) was used for this study. In each of 
the other stocks there is a significant depression of return 
per spawner at high escapements (Fig. 3.), hence, simple 
compensatory stock dynamics were used for each of these 
stocks, except for the Kvichak. A simple Ricker curve was 
fit by nonlinear least squares to the escapement return data 
for the 1974 through 1981 brood years, (Fig. 4 through 7) . 
The analysis was restricted to the more recent years because 
of insignificant high seas interception for those runs, and 
therefore, these data are believed to be more indicative of 
returns expected from alternative management policies. 
Natural variation in production was modeled as random 
deviations from the implicit spawner recruit submodel. 

Age at Return Submodel. 

The same general relationships used in the Kvichak age at 
return submodel hold for the other Bristol Bay stocks. 

Freshwater Age - In all Bristol Bay river systems 
freshwater age (1.) was positively correlated with 
temperature during the lacustrine residence of the 
progeny of the respective brood year, (Fig. 8 - 9). A 
time series model was used to generate temperatures. 
Freshwater age was then calculated from the fitted 
regression of freshwater age on temperature. 
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Ocean Age - In Kvichak model ocean age ( $ . 3 )  was 
positively correlated.with temperature and negatively 
correlated .with escapement. The same relations, with 
varying degrees of correlation, hold for the other 
Bristol Bay stocks. In Ugashik, ocean age was a simple 
linear regression of ocean age against freshwater age. 
In Egegik, ocean age was a multiple regression of ocean 
age against freshwater age and escapement. In Naknek, 
ocean age was a simple linear regression of ocean age 
against freshwater age. In Nushagak, ocean age was not 
related to any of these variables, and was taken to be 
the historical mean and with associated natural 
variation. In Ugashik, Egegik, and Naknek natural 
variation was taken to be random deviations from the 
respective regression model. 

Harvest Submodel 

In the Kvichak model management error was taken to be the 
difference between the realized rate of exploitation and the 
target rate of exploitation. The management error has been 
highly variable, but consistent among Bristol Bay fishing 
districts (Fig. 10) . These were pooled ' among fishing 
districts over the years 1962 to 1985 (Fig. 11). The 
management error had a normal distribution for years where 
the return was greater than the escapement goal, and had a 
uniform distribution for years where the return was less 
than the goal. In the latter case it is not possible to 
have a negative management error. In the actual escapements 
deviated randomly from target escapement goals based on the 
probability distributions for management error (Fig. 11). 

Evolution of The Commercial Fisheries Bristol Bay Program 

The management policy for Bristol Bay sockeye salmon has 
progressed from fixed 50 percent rate of exploitation 
implemented with limited fishing time under federal 
regulatory authority to intensive management for stock 
specific escapement goals implemented with time/area 
closures under State of Alaska Emergency Order Regulatory 
Authority. The exact evolution of the harvest policies is 
documented in Table 2. It is clear that the present program 
is more expensive and more information intensive than 
earlier programs. The present program is integration of 
real time assessment of run strength, continuous evaluation 
of harvest policy, and striving to achieve maximum sustained 
yield. Ongoing analyses suggest that catches can be 
increased by changing the 1984 harvest policy. 
Specifically, these changes involve increasing the Ugashik 
escapement goal and altering the cyclic escapement goal 
policy used to manage the Kvichak kun. 
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In addition to these changes in management policy, we have 
become more effective in implementing management policy. 
The magnitude of management error has declined over time 
(Fig. 12) as the funding level of the commercial fisheries 
program has increased. To provide quantitative estimates of 
the yearly decrease in management error a time series of the 
absolute value of the management error was constructed. Mean 
management errors for adjacent years was substituted for the 
errors observed for the strike years 1969, 1979, and 1980. A 
three-year moving average was taken to identify more clearly 
the downward trend in management error. A regression line 
was fitted to this data (Fig. 13), and the slope of the line 
indicated that on an average we have achieved an 0.8 percent 
per year reduction in absolute management error as the 
Bristol Bay program has grown. Management error has 
declined from 25 percent in 1960 to 7 percent in 1985. It 
is straightforward, mathematically to express the mean 
absolute management error in the range (25 percent to 7 
percent) in terms of the standard deviation ' of the 
respective probability distributions for management error, 
which is both positive and negative (Fig. 11). Thus, one 
can easily simulate the catches expected from programs of 
varying levels of management precision. 

Evaluation of the Bristol Bay Program 

The Bristol Bay program has evolved in two dimensions. The 
first is an evolution of management policy, and the second 
is improved precision in management. The first function is 
largely carried out by .research personnel and involves 
collection, maintenance, and analysis of long term stock 
assessment data. The second function is largely carried out 
by management personnel and involves inseason implementation 
of the current management policies. These activities are 
perceived to be separate by many individuals. They are 
separate in that different skills and training are required 
by the respective individuals, but the same data and 
information is used to carry out these activities. The 
following will demonstrate, beyond any doubt, that these 
activities are highly integrated and complimentary. Both 
functions are essential elements of the Bristol Bay program. 

The computer simulation model was used to calculate harvest 
levels expected under alternative management policies and 
levels of precision by which these policies can be 
implemented. Computer simulations were conducted under four 
harvest policies (Table 2) . 

1. fixed 50 percent rate of exploitation under White 
act management; 

2. cyclic escapement goals for the Kvichak, and fixed 
escapement goals for the other systems with the 1965 
goals; 
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3. 1965 cyclic escapement goals for the Kvichak and 
1984 fixed escapement goals for the other systems; 

4. 1965 cyclic escapement goals for the Kvichak, 1984 
fixed escapement goals for the other systems except 
Ugashik, and 1.5 million for the Ugashik g.oal. Note 
the theoretical maximum sustained yield harvest policy 
identified by Eggers and Rogers (1967) was not 
considered because of the preliminary nature of the 
analysis of the socioeconomic aspects of 
implementation. The simulations were conducted for 
each of these policies, at levels of management 
precision from 0 percent (i.e., perfect management) to 
20 percent (early sixties precision). Since the 
simulation model is stochastic with natural variation 
implicit, actual values of simulated catches varied 
between simulations. The catches presented here were 
the average of 150 simulations, with each simulation 
calculating a 106 year time series of catch expected 
under the respective management policy and level of 
management precision. 

The results of these simulations are shown in Figure 14. 
There are several extremely interesting things that emerge 
from these simulation results. 

The first point that emerges from Figure 14 is that 
substantial benefits, in terms of increased catches, have 
resulted from changing management policy and reducing 
management error. 

The second point that emerges from Figure 14 is that we have 
quantitative estimates of the marginal benefits (Fig. 14) in 
terms of increased yield to industry resulting from 
increases in management precision and improving management 
policy. These can be compared to the marginal costs of 
achieving these improvements in management and cost benefit 
ratios constructed. In the evolution of the Bristol Bay 
program, reductions in management error and more productive 
harvest policies occurred together. So, cost benefit ratios 
must be couched in time rather than specific harvest 
policies or management errors. I have done this in Table 3. 
I selected the times that management policies were changed, 
1960, 1965, 1984, and the proposed changes in Ugashik 
management policies to be discussed at the 1987 staff 
meeting. I calculated the increase in average catch in 
numbers and ex-vessel (assumed 6 pound average weight and $1 
per pound price), accompanying the change in management 
policy and used the level of management precision that was 
available under the program at the time of the policy 
change. I assume that it cost $86 thousand in additional 
funding to achieve a 1 percent reduction in management 
error. This figure was based on the ratio of average annual 
increase in expenditure (Figure 2) and the average reduction 
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in management error (Figure 13). These figures, in my 
opinion, are the best measure of the marginal benefits for 
marginal expansion of the program. The cost benefit ratios 
actually increase from 18 to 36 as the program evolves. If 
one compares these cost benefit ratios to the substantially 
lower cost benefit ratios (generally less than 2) that 
Hartman (1986) found in his evaluation of the FRED hatchery 
system, one must conclude that the most cost effective 
investment for Alaska's salmon fisheries is the continued 
investment in ADFbG Commercial Fisheries program. 

As an additional exercise, I constructed a cost benefit 
analysis for alternative FY 88 budget scenarios. The 
alternative FY 88 budget scenarios considered here were: 

1. FY 85 funding of $1.88 million per year. Under 
this scenario the 1984 harvest policy could be 
implemented with an average management error of 7 
percent. 

2. The Governor's requested FY 88 funding of $1.43 
million. Under this scenario we can implement the 1984 
policy. However, management error can be expected to 
increase to 12 percent, As shown in .Table 3, the 
catches expected under the management of the 
Governor's FY 88 funding will decrease by 2.3 million 
fish, and the $30 million will be lost to the fishermen 
for each dollar that the budget is decreased. 

The last point that emerges from Figure 14 is that the 
relative. benefits from investing in improving management 
policy versus investment in improving management precision 
is different over the evolutionary history of the fishery. 
Early in the history of the Bristol Bay program the greatest 
increases in catches resulted from moving to more optimal 
policies. At that time the management policies were not 
optimal and there was relatively lower increases in catch 
accompanying increases in management precision. However, as 
management policies approached optimal harvest policies as 
the program evolved, there was a relatively greater increase 
in catches accompanying increases in management precision. 
In layman's terms, there is little payoff for precisely 
managing an incorrect policy. On the other hand, if the 
optimal harvest policy is known, then there is a much larger 
payoff for precisely implementing the policy. This says to 
me that in the early stages of program development the 
priority should be on stock assessment and data collection, 
and in analysis of the optimal harvest policies, and in the 
later stages of program development the priority should be 
on improving inseason management. 

The priorities that I am suggesting above does not suggest 
that we trash the local management programs in favor of 
research. We should seek ways to fund additional stock 



Ken Parker -8- May 11, 1987 

assessment and fishery monitoring programs in places where 
these programs are underdeveloped. We should also strive 
vigorously to implement stock assessment and fishery 
monitoring programs where they are currently inadequate, or 
do not exist. In so doing, the improvements in management 
will automatically accompany the improvements in data 
collection and analysis. After all, the same data is used 
for both ends. The activities of harvest policy evaluation 
and in season management are fully complementary. According 
to Figure 14 it doesn't make any sense to improve inseason 
management without harvest policy evaluation, and once the 
harvest policies are on line the most productive activity is 
improving management precision. 
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Table 2. H i s t o r i c a l  na r ra t i ve  of changes i n  B r i s t o l  Bay Management Pol icy, Regulatory 

regulatory actions, program elements, management precision, and level of funding 

I 
I 

Year Pol i c y  1 
Enacted 1 Pol i c y  

Prograrn 

Regulatory Actions I Elements 

Before 1 Uhi te  Act, 50% r a t e  o f  Fixed f i s h i n g  times Mimimal 

Statehood I exp lo i ta t ion  

I 
1960 1 Fixed escapement goals Time Area Closures Local Management 

I goals pre l iminary by emergency order Catch and escapement enuneration 

I Catch and escapement sampling 

I l nseason Aer ia l  Surveys 

I 
1965 1 Formal escapement goals ( m i l l  ions) Time Area Closures Local Management 

I Kvichak, c y c l i c  goals a by emergency order Catch and escapement enuneration 

I 14 peak, 6 pre-peak, 2 off-peak Catch and escapement sampling 

( Ugashik (.5), Egegik (.6), ~aknek  t .8)  lnseason Aer ia l  Surveys 

I Wood (.8), Nuyakuk (.25), lgushik (-15) Formal pr.eseason forecast 

I 
1984 1 Formal escapement goals (mi l l ions) Time Area Closures Local Management 

I Kvichak, review c y c l i c  goals p o l i c y  . by emergency order Catch and escapement enuneration 

( pre l iminary increase i n  o f f  -peak and Catch and escapement sampling 

I decrease peak goal Formal preseason forecast 
1 Ugashik (-71, Egegik (11, Naknek (1) Ins ide and offshore t e s t f  i sh ing  

lUood (I), Nuyakuk (.5), lgushik C.2) Smolt emmeration 

I Inseason Aer ia l  Surveys 

. I 
Unknown I Formal escapement goals (mi l l ions) Time Area Closures . Local Management 

implementat i o n  IKvichak, A l  ternat ing pre-peak and peak by emergency order Catch and escapement enunerat i o n  

requires lgoals conditioned on year ahead forecast Naknek special  Catch and escapement sampling 

Level o f  

Management 

Prec is ion 

( X  Absolute 

Error)  
- - - - - - - * - - - - - -  

>25 X 

Level o f  

Fund i ng 

86 ss 
(mi I l ions) 

minimal 

addi t ional  1 Ugashik increase harvest area Formal more accurate forecasts 

funding I Egegik (I), Naknek (1) Ins ide and offshore t e s t f i s h i n g  

1 Wood ( I ) ,  Nuyakuk C.51, lgushik ( - 2 )  Smolt enuneration 

I lnseason Stock I d e n t i f i c a t i o n  

lnseason Aer ia l  Surveys 

* very rough estimate 
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ABUNDANCE AND DISTRIBUTION OF JUVENILE 
SOCKEYE SALMON I N  THE LOWER TAKU RIVER, ALASKA 

Jonathan He i fe tz ,  Sco t t  W .  Johnson, K V. Koski, 
Michael L. Murphy, and John F. Thedinga 

Northwest and A1 aska F i she r ies  Center 
Auke Bay Laboratory 

Nat iona l  Marine F i she r ies  Service, NOAA 
P. 0. Box 210155 

Auke Bay, Alaska 99821 

INTRODUCTION 

The Taku R iver  i s  an impor tan t  producer o f  P a c i f i c  salmon 
(Oncorhynchus spp. ) f o r  bo th  U.S. and Canadian f i s h e r i e s .  Sockeye 
salmon (0. nerka) a re  the  most va luab le  species harvested i n  t h e  Taku 
River.  A b u n i e  o f  r e t u r n i n g  a d u l t s  has been w e l l  documented (C lark  e t  
a l .  1986), b u t  l i t t l e  i n fo rma t ion  e x i s t s  on the  d i s t r i b u t i o n  and 
abundance o f  j uven i l es .  Because t h e  Taku R i v e r  i s  a  transboundary 
r i v e r ,  w i t h  headwaters i n  Canada and mouth i n  Southeast Alaska, 
i n fo rma t ion  i s  needed on h a b i t a t  a v a i l a b i l i t y  and use so t h a t  salmon 
stocks can be j o i n t l y  managed f o r  optimum escapement and equ i tab le  
harvest  by the  U.S. and Canada. 

Most o f  the  Taku R ive r  basin i s  i n  Canada, b u t  the  U.S. p o r t i o n  o f  
the r i v e r ,  i n c l u d i n g  numerous sloughs and beaver ponds, appears t o  o f f e r  
extensive r e a r i n g  h a b i t a t  f o r  j u v e n i l e  salmon. L i t t l e  i s  known of the  
salmon populat ions t h a t  rea r  i n  the  U.S. p a r t  o f  t he  r i v e r  o r  of t h e i r  
c o n t r i b u t i o n  t o  product ion from the  r i v e r .  The purpose of t h i s  study 
was ' to  assess abundance, d i s t r i b u t i o n ,  age, growth, and c o n t r i b u t i o n  t o  
t o t a l  salmon product ion o f  j u v e n i l e  sockeye salmon i n  the  U.S. p a r t  o f  
the  Taku River .  

METHODS 

A s t r a t i f i e d  random sampling design was used t o  es t imate  the  
abundance o f  j u v e n i l e  sockeye, chinook (0. - tshawytscha) , and coho salmon 
(0. k i su tch )  i n  the  lower Taku River ,  i n c l u d i n g  of f -channel  sloughs, 
bgaver ponds, and t r i b u t a r i e s  on t h e  r i v e r  t e r r a c e  (F ig .  1 ) .  To 
s t r a t i f y  h a b i t a t ,  we combined and modi f ied  the  systems o f  Sedel l  e t  a l .  
(1983), Schmidt (1986) , and Edgington and Lynch (unpubl i shed 
manuscript) .  Hab i ta t  i n  the  study area was d i v i d e d  i n t o  two broad 
categor ies:  1) r iver-channel  h a b i t a t s  1  ocated w i t h i n  the  a c t i v e  r i v e r  
channel and c a r r y i n g  r i v e r  water, 2) and of f -channel  h a b i t a t s  on the  
r i v e r  t e r race  fed from spr ings o r  from t r i b u t a r i e s  d r a i n i n g  v a l l e y  s ide  
slopes. Each broad category was subdiv ided according t o  water v e l o c i t y  
regime and f l u v i a l  process, f o r  a  t o t a l  o f  f i v e  r i ver -channe l  
habi tats--main and s ide  channels, channel edges, bra ids,  s ide  sloughs, 
and backwaters--and f o u r  of f -channel  h a b i t a t s - - t r i b u t a r i e s ,  t r i b u t a r y  
mouths, upland sloughs, and beaver ponds. A t o t a l  o f  49 s i t e s  (3-10 o f  



each habitat  type),  located from Taku Point to  the Canadian border, were 
sampled once from 8 July to  18 September 1986. 

A t  each s i t e ,  3-11 separate areas, spaced a t  l eas t  50 m apart ,  were 
seined fo r  f ish.  Ma.in and side channels could not be seined because of 
swift ,  turbulent flow. Based on the i r  current velocity, we assumed they 
did not support rearing salmon. All f i sh  from each seine. haul were 
anesthetized with MS-222, identified to  species, and counted, and a 
sample was measured for  fork length ( F L )  and aged by scales. Number of 
f ish a t  each seined area was estimated by the removal method w i t h  a t  
l eas t  three passes (Zippin 1958). Density was calculated by dividing 
.the population estimate by the area seined, and density a t  each s i t e  was 
computed as the mean of the seined areas. Water velocity was measured 
by a current meter a t  each area, and the range of sui table  water 
velocity for  each salmon species was determined from probability-of-use 
curves (Bovee and Cochnauer 1977). 

Downstream migrants were sampled with a stationary net s e t  
overnight near the Taku Lodge (19 km downstream of the U.S.-Canada 
border) about once a week from 6 August t o  19 September. The net was 
3 m wide by 1.5 rn deep a t  the entrance and funneled to  a cod end of 6-mm 
mesh. Placed about 4 m from shore, the net was secured to  a dock so 
that  i t  rested on the bottom of the main channel, perpendicular to  the 
flow. 

Total populations of juvenile salmon in the U.S. part  of the r iver  
were estimated from total  area and mean f ish density of the habitat  
types (Cochran 1953). Total area of each habitat  type was measured by 
digit izing out1 ines of habitats drawn on aer ial  photographs (sca le ,  
1 :6,621). 

RESULTS 

Salmon Abundance, Distribution, Age, and Size 

Juvenile sockeye salmon primarily used habitat  with slow or  
standing water. Based on the probability-of-use curve, optimum water 
velocity for  sockeye salmon was about 0 cm/s, and habitats with velocity 
greater than 28 cmls were unused (Fig. 2) .  Based on th i s  curve, water 
velocity in a l l  habitat types, except main and .side channels, was 
suitable fo r  juvenile sockeye salmon. Sloughs, backwaters, and beaver 
ponds were optimal, whereas channel edges, braids, and terrace 
t r ibutar ies  generally were suboptimal b u t  s t i l l  sui table  for  sockeye 
salmon. Main and side channels, except the i r  edges, were unsuitable 
because the i r  swift (30-75 cm/s) currents were we11 above the usable 
range. Sockeye salmon preferred current veloci t ies  similar t o  those 
preferred by coho salmon b u t  differed s ignif icant ly (P = 0.001; 
Kol mogorov-Smi rnov t e s t )  from chi nook salmon which used currents between 
2 and 20 cm/s more frequently than did the other species. 

Sockeye salmon was the most abundant species in the U.S. part of 
the r iver  (Table 1, Fig. 3 ) .  Average density in the r iver  and 



of f -channel  areas was 0.11/m2--about tw i ce  the  average dens i t y  o f  coho 
and chinook salmon. Sockeye salmon were most abundant i n  areas w i t h  
s tanding water i n  bo th  the  r i v e r  channel and of f -channel  t e r r a c e  ( s i d e  
sloughs, backwaters, t r i b u t a r y  mouths, upland sloughs, and 'beaver 
ponds). Sockeye salmon a l s o  were i n  h a b i t a t s  w i t h  moving water  (channel 
edges, b ra ids ,  and t e r r a c e  t r i b u t a r i e s ) ,  b u t  a t  a much lower dens i ty .  
Sockeye salmon dens i ty ,  however, d i d  n o t  d i f f e r  s i g n i f i c a n t l y .  (P = 0.35; 
Kruskal -Wall i s  t e s t )  between h a b i t a t  types because o f  h igh  v a r i a t i o n ,  
ma in ly  caused by t h e i r  absence f rom some upland sloughs and beaver 
ponds. For example, o f  f o u r  upland sloughs sampled, sockeye salmon were 
absent from one and common (0.05-0.33/m2) i n  t he  o the r  three. I f  on l y  
s i t e s  w i t h  sockeye salmon were inc luded i n  the  ana lys is ,  d i f f e rences  i n  
dens i ty  between h a b i t a t  t y  es were h i g h l y  s i g n i f i c a n t  (P = 0.009; n = 34 7 - - 
s i t e s ;  Kruskal -Wal l is  t e s t  . 

Sockeye salmon ranged from 27 t o  84 mm FL July-September, and 
frequency d i s t r i b u t i o n s  o f  FL ' s  each month c l o s e l y  approximated t h e  
normal d i s t r i b u t i o n ,  i n d i c a t i n g  presence o f  o n l y  one age c lass .  Near ly  
a l l  o f  the 250 sockeye salmon whose ages were determined f rom sca le  
samples were young-of-the-year; on l y  one was age 1. Mean FL o f  sockeye 
salmon increased l i n e a r l y ,  f rom about 40 mm FL i n  e a r l y  J u l y  t o  55 mm FL 
i n  l a t e  September, a growth o f  0.24 mm per  day. Most s i t e s  conformed 
we1 1 t o  the  r e l a t i o n s h i p  between mean FL and date; however, two beaver 
ponds were s i g n i f i c a n t  (P < 0.01; - t - t e s t )  o u t l i e r s ,  w i t h  much l a r g e r  
salmon than expected f o r - t h a t  date. The warmer water i n  beaver ponds 
probably encouraged f a s t e r  growth than i n  the  o the r  h a b i t a t s .  

Juven i le  sockeye salmon i n  the  lower Taku R ive r  are unusual i n  t h a t  
they r e a r  i n  r i v e r i n e  h a b i t a t ,  whereas most o the r  sockeye salmon 
populat ions t y p i c a l l y  r e a r  i n  lakes. Juven i le  sockeye salmon a re  known 
t o  r e a r  i n  o the r  l a r g e  r i v e r s ,  however, i n c l u d i n g  the  S t i k i n e ,  Copper, 
and Susitna r i v e r s  i n  Alaska and the  Bolshaya and Kamchatka r i v e r s  i n  
Kamchatka (Foers ter  1968; Lake 1984; Cra ig  1985; Schmidt 1986; Edgington 
and Lynch, unpubl ished manuscr ipt ) .  As i n  t he  Taku R iver ,  j u v e n i l e  
sockeye salmon i n  the  S t i k i n e  R iver  r e a r  i n  both the  r i ver -channe l  and 
off-channel hab i ta t s ,  feeding main ly  on Chironomidae (Lake 1984). Thus, 
l a r g e  r i v e r s  can prov ide  important  r e a r i n g  h a b i t a t  f o r  j u v e n i l e  sockeye 
salmon. 

Downstream Movement 

I n  the  s i x  n i g h t s  f ished,  the  migrant  t r a p  caught 592 salmon, o f  
which most (99%) were j u v e n i l e  sockeye and coho salmon (F ig .  3) .  
Chinook salmon were ra re .  Catch was low i n  the  f i r s t  h a l f  o f  August, 
increased sharp ly  i n  l a t e  August, and dec l ined t o  a low l e v e l  again i n  
September (F ig.  4).  

Catch was n o t  c l o s e l y  r e l a t e d  t o  r i v e r  stage, b u t  appeared t o  
r e l a t e  b e t t e r  t o  a combination o f  r i v e r  stage and p r e c i p i t a t i o n .  
General ly ,  r i v e r  fl ow gradual l y  decl ined du r ing  August and September, 
except f o r  two discharge spikes: a sharp sp ike  du r ing  12-16 August when 
the  Tulsequah R iver  i c e  dam bu rs t ,  s w e l l i n g  the  r i v e r  t o  >70% i t s  
previous stage; and a much smal ler  sp ike du r ing  28-30 August when heavy 



r a i n s  ra i sed  the  r i v e r  about 30% (Fig.  4 ) .  The second spike,  however, 
was s t i l l  lower than the  average f l o w  i n  e a r l y  August. The source o f  
the  downstream migrants probably was the  r i v e r  t e r r a c e  r a t h e r  than the  . 
r i v e r  channel. Sockeye salmon were abundant i n  of f -channel  h a b i t a t s  and 
i n  t he  migrant  t rap .  Furthermore, ca tch  o f  migrants stayed low when the  
Tulsequah f l o o d  swept t he  r i v e r  channel w h i l e  of f -channel  h a b i t a t s  were 
unaf fected,  b u t  catch increased sharp ly  when heavy r a i n s  f looded 
r iver-channel  and off-channel hab i ta t s .  

Sockeye salmon were about 28% o f  t he  salmon catch. They ranged 
from 39 t o  72 mm FL, s i m i l a r  t o  t h e i r  mean s i z e  i n  t he  r e a r i n g  h a b i t a t s ,  
and a l l  sampled f i s h  were f r y .  Many had t h e  s i l v e r y  appearance o f  
presmolts i n d i c a t i n g  t h a t  some downstream migrants may have gone t o  sea. 
Numerous sockeye salmon were caught i n  s i t e s  downstream o f  t h e  t r a p  
s i t e ;  thus, the  migrants cou ld  have been moving t o  the  lower r i v e r  t o  
rear .  

Many a d u l t  sockeye salmon r e t u r n i n g  t o  t h e  Taku R ive r  lacked a  
freshwater annulus on t h e i r  scales and appeared t o  have gone t o  sea as 
young-of-the-year. About 40% o f  r e t u r n i n g  a d u l t s  t h a t  spawned i n  the  
mainstem Taku R ive r  had no f reshwater  annulus ( E i l e r ,  Auke Bay 
Laboratory, unpubl ished data) .  Taku R ive r  s tocks t h a t  spawn i n  r i v e r  
sect ions genera l l y  have more salmon w i thou t  a  f reshwater  annulus than do 
stocks t h a t  spawn i n  the  lakes (McPherson and McGregor 1986; E i l e r  
unpubl ished data) .  Thus, the  downstream migrants probably r e t u r n  as 
adu l t s  t o  c o n t r i b u t e  t o  catch and escapement. 

Sockeye salmon adu l t s  i n  o ther  r i v e r s  may have a  l i f e  h i s t o r y  
s i m i l a r  t o  those i n  the lower Taku River .  The S t i k i n e  R ive r  near 
Wrangell , Alaska, a l s o  has a d u l t  sockeye salmon re tu rns  f rom j u v e n i l e s  
t h a t  went t o  sea as young-of-the-year (McPherson and McGregor 1986), and 
almost a l l  a d u l t  sockeye salmon from the  East R ive r  near Yakutat, Alaska 
show no freshwater annulus (McBride and Brogle 1983). A s i m i l a r  l i f e  
h i s t o r y  was noted by Foerster  (1968) f o r  sockeye salmon i n  the  Paratunka 
River ,  Kamchatka, where young-of-the-year r e a r  i n  t he  r i v e r '  l e s s  than a  
year  bu t  sometimes f o r  several months. Other l a r g e  r i v e r s  (Kamchatka 
River ;  Har r ison River ,  B r i t i s h  Columbia) a1 so have the  "ocean-type" 
sockeye salmon (Foers ter  1968) t h a t  migra te  t o  sea as soon as they a re  
free-swimming. I n  the Taku River ,  the  downstream mig ra t i on  o f  j u v e n i l e  
sockeye salmon past  the U.S.-Canadian border has two modes: a  peak 
m ig ra t i on  i n  May-June and a  pro t rac ted ,  reduced m i g r a t i o n  i n  ' 

July-October (Meehan and Vania 1960). The f i r s t  mode probably cons is ts  
of age 1 and o l d e r  smolts and poss ib l y  "ocean-type" fry, whereas the  
second mode cons is ts  most ly  o f  young-of-the-year sockeye salmon t h a t  
have reared i n  the  r i v e r  f o r  several months. Many o f  these migrants,  
however, may overwin ter  i n  the  lower r i v e r  r a t h e r  than go immediately t o  
sea. 

Tota l  Populat ions 

To ta l  area o f  the  U.S. p a r t  o f  t he  Taku River ,  i n c l u d i n g  
off-channel h a b i t a t s  on the r i v e r  te r race,  from Taku P o i n t  t o  t h e  
Canadian border was 1,932 ha, as ca l cu la ted  from a e r i a l  photographs 



(Table 1 ) .  Th is  area does no t  i nc lude  Twin G lac ie r  Lake, Wright River ,  
Wright Lake, S i t takanay R iver ,  and the  p o r t i o n s  o f  t r i b u t a r y  streams 
beyond the  r i v e r  te r race.  Most (69%) o f  the  area was composed o f  main 
and s ide  channels, where s w i f t  c u r r e n t  precluded rea r ing .  Channel 
edges, the o n l y  s u i t a b l e  r e a r i n g  area i n  these channels, made up o n l y  2% 
o f  t o t a l  area. Almost a  qua r te r  o f  t h e  area cons is ted  o f  b ra ids .  Side 
sloughs and backwaters made up o n l y  2%, and of f -channel  h a b i t a t s  o n l y  5% 
o f  t o t a l  area. 

The t o t a l  number o f  salmon i n  each h a b i t a t  type was a  f u n c t i o n  c f  
the h a b i t a t ' s  t o t a l  area and mean salmon dens i t y  (Table 1).  Because o f  
the  l a r g e  area o f  b ra ids ,  the g rea tes t  number o f  sockeye salmon were i n  
t h i s  h a b i t a t  (35%), even though mean dens i t y  t he re  was low. The most 
impor tan t  hab i ta t s ,  however, represented o n l y  a  smal l  p o r t i o n  o f  the 
t o t a l  area i n  t he  lower r i v e r .  Desp i te  t h e i r  smal l  area (3% o f  t o t a l ) ,  
beaver ponds and sloughs together  .accounted f o r  38% o f  t he  sockeye 
salmon. 

Est imated t o t a l  popu la t ion  of j u v e n i l e  sockeye salmon i n  the  U.S. 
p a r t  o f  the  r i v e r  was 633,000 (Table 1). Because o f  the  l a r g e  var iance 
i n  salmon dens i t y  w i t h i n  h a b i t a t  types, however, t he  t o t a l  popu la t i on  
est imate had a  wide conf idence i n t e r v a l .  With 95% confidence, t he  t r u e  
t o t a l  populat ions ranged from 182,000 t o  1,084,000 sockeye salmon. Th is  
est imate does n o t  account f o r  seasonal o r  annual v a r i a t i o n .  

The c o n t r i b u t i o n  t h a t  these f i s h  make t o  the  t o t a l  salmon 
product ion from the  r i v e r  can be est imated from simple popu la t i on  models 
us ing  mean parameters from the l i t e r a t u r e  (Table 2 ) .  The 1985 
escapement was 104,000 adu l t s  composed o f  45% females (McPherson and 
McGregor 1986). With an assumed f e c u n d i t y  o f  4,000 eggs' per  female 
(Foers ter  1968), 94% egg depos i t ion  (Manzer and M i k i  1985), and 10.6% 
egg- to - f ry  su rv i va l  (Foers ter  1968), the  number o f  f r y  produced i n  1986 
was nea r l y  19 m i l l i o n .  These f r y  probably su f fe red  heavy m o r t a l i t y  
dur ing  t h e i r  f i r s t  few months. Major losses (652) p r e v a i l  du r i ng  the  
f i r s t  2.5 months, June t o  August, a f t e r  which losses r a p i d l y  decrease as 
the  f r y  grow (Foers ter  1968). Based on t h i s  65% loss ,  about 6.5 m i l l i o n  
f r y  should have surv ived u n t i l  August 1986. Thus, t he  est imated 633,000 
j u v e n i l e  sockeye salmon r e a r i n g  i n  the  U.S. p a r t  o f  the r i v e r  i n  J u l y  t o  
September represent  about 10% o f  the est imated t o t a l  number o f  j u v e n i l e  
sockeye salmon from the 1986 brood r e a r i n g  i n  the  Taku R ive r  system. 

During the  ensuing 8-month ( f rom September t o  the  May smolt  
migra t ion ,  75% o f  the  sockeye salmon present  . in  August can be expected 
t o  d i e  (Foers ter  1968). Hence, the y i e l d  from the  whole r i v e r  should be 
about 1.6 m i l l i o n  smolts, and y i e l d  from the  U.S. p a r t  about 160,000 
smol t s .  Assuming 10% marine s u r v i v a l  (Foers ter  1968; R icker  1976), t he  
t o t a l  a d u l t  r e t u r n  should be about 163,000, o f  which about 16,000 had 
reared i n  the  U.S. p a r t  o f  t he  r i v e r .  This  est imate compares favorabl 
w i t h  the est imated t o t a l  r e t u r n  (composed o f  p a r t s  o f  f o u r  brood years 3 
i n  1985 o f  Taku R iver  sockeye salmon 192,000 (104,000 escapement + 
74,000 harvested by the  Alaska D i s t r i c t  111 f i s h e r y  + 14,000 harvested 
by the  Canadian i n - r i v e r  f i s h e r y )  (McPherson and McGregor 1986). Of the  
88,000 sockeye salmon harvested, about 9,000 (10%) probably reared i n  
the  U.S. p a r t  o f  the  r i v e r .  



Our estimates of total  populations probably were conservative, and 
the contribution of the U.S. area t o  the r i v e r ' s  salmon production could 
be higher. Mortality estimates from the l i t e ra tu re  may be inappropriate 
for  the lower Taku River, where conditions are  much different  from the 
lakes. Based on analysis of scales f.rom adults (McPherson and McGregor 
1986), a third to  one-half of the sockeye salmon from riverine areas 
probably go to  sea as young-of-the-year without overwintering, whereas 
those from the lakes overwinter once or  twice. Freshwater mortality of 
the river Stocks could be lower than for  the lake stocks; hence, the 
contribution to  salmon production from the U.S part of the r iver  could 
be higher than estimated. 

The U.S. salmon stocks also could be underestimated because several 
areas in the U.S. part of the r iver  basin--Twin Glacier Lake, Wright 
River and Lake, Sittakanay River, the in te r t ida l  basins of upper Taku 
In le t ,  and tributary streams on the valley slopes--were not sampled b u t  
could provide rearing habitat. Sockeye salmon probably do not rear i n  
the val ley-wall sections of t r ibutary streams because of the small s ize 
and steep gradient of the streams i n  those sections. 

Twin Glacier Lake area (1,100 ha) equals more than half the total  
area of the river-channel and off-channel habitats in the U.S. part  of 
the Taku River. We seined 1,600 m2 of the 35 ha of l i t t o r a l  habitat  in 
the lake, b u t  caught only four sockeye salmon. Lack of spawning habitat  
in the lake and i t s  t r ibutar ies  probably l imits  salmon abundance in the 
1 ake, because juvenile salmon probably colonize the lake from the river.  
We did n o t  sample the pelagic zone for  f ish.  A hydroacoustic survey of 
the lake indicated a layer of potential forage for  sockeye salmon 
(Krieger unpublished data).  Plankton tows in the upper 25 m of water 
col lected numerous cycl opoid copepods. Thus, the pelagic zone of T w i n  
Glacier Lake i s  a potential rearing area for  sockeye salmon. 

Undoubtedly, some areas in the lower Taku River are underutil ized 
because of low escapement or poor access and possibly could be enhanced. 
Because only a small part of the total  area accounted for  most of the 
rearing populations, fu l l  seeding of the available sloughs and beaver 
ponds i s  c r i t i ca l  to  maximize production from the Taku River. Because 
sockeye salmon populations in large glacial r ivers have not been 
adequately studied, such basic information as salmon population dynamics 
and species interactions i s  lacking. More research i s  needed t o  define 
the factors that  l imit  salmon production from the lower r iver  before 
enhancement .programs are developed. 
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Table 1 .--Area, f i s h  densi ty,  and t o t a l  popu la t ion  o f  j u v e n i l e  sockeye salmon by h a b i t a t  type i n  the  lower Taku River, Alaska, 
i n  July-September 1986. Standard e r ro r  of f i s h  dens i ty  i s  i n  parentheses; n = number o f  h a b i t a t s  sampled. Data on 
coho and chinook salmon are provided f o r  comparison. 

Area F i sh  dens i ty  (no./ha) Tota l  popu la t ion  (thousands) 

Hab i ta t  type - n ha 8 Sockeye Coho Chi nook Sockeye Coho Chi nook 

RIVER-CHANNEL HABITATS 

Main and s ide  channels 0 1,342 69.5 0 (0 )  0 (0 )  0 ( 0 )  0 0 0 
Wooded channel edge 7 2 9 1.5 901 (502) 159 (61) 1,796 (996) 26 5 5 2 
Nonwooded channel edge 10 7 0.4 348 (133) 51 (27) 172 (61) 2 0 1 
B ra id  5 408 21 .I 548 (412) 100 (76) 338 (162) 224 41 138 
Side slough 5 36 1.9 3,582 (1,266) 118 (38) 646 (515) 129 4 2 3 
Backwater 3 9 0.5 2,110 (1,416) 290 (256) 513 (257) 19 3 5 

OFF-CHANNEL HABITATS 

Terrace t r i b u t a r y  7 5 2 2.7 173 (150) 1,150 (420) 668 (485) 9 60 35 
T r i bu ta ry  mouth 4 29 1.5 3,789 (2,128) 2,274 (1,988) 643 (500) 110 66 19 
Up1 and slough 4 7 0.4 7,343 (4,556) 5,823 (2,694) 0 ( 0 )  5 1 41 0 
Beaver pond 4 13 0.7 4,793 (3,973) 5,850 (2,757) 93 (92) 62 76 1 - - -  - - - 

Total  s 49 1,932 100.0 633 295 274 

958 confidence l i m i t s  182-1,084 122-468 90-458 

degrees o f  freedom 8 14 8 



Tab1 e 2. --Computation o f  number o f  Taku R iver  sockeye 
salmon a t  d i f f e r e n t  l i f e  stages. 

Number 
L i f e  stage (thousands) 

Sockeye salmon escapement, 198g1  

a1 Adu l t  females- 
(45% o f  escapement) 

b I Number o f  eggs- 
(Assumed 4,000 eggs per  female) 

c I Egg r e t e n t i o n  - 
(6.5% o f  f ecund i t y )  

Eggs deposi t e k l  

b I Post-emergent fry- 
(Assumed 10.6% egg-to-fry 
s u r v i v a l  ) 

d I Summer residents- 
(Assumed 65% morta l  i t y  
from emergence t o  August) 

d l  Smol ts- 
(Assumed 75% m o r t a l i t y  August t o  May 

b l ,  g/ Returning adults- 
(Assumed 10% marine s u r v i v a l  ) 

a I Harvest- 
(46% o f  run)  

a/ Escapement- 

- al~c~herson and McGregor (1986). 
EIFoerster (1968). 
L1Manzer and M i  k i  ( 1985). 
d1Foerster ( 1968). 
e / ~ i  cker  ( 1976). 
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F igu re  1.--Map of t he  s tudy  area, showing l o c a t i o n s  of  sampl ing s i t e s  on t h e  l owe r  Taku 
R iver .  
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Figure 2.--Probability-of-use curves for juvenile salmon versus 
water velocity in the lower Taku River. The curves were 
constructed as described in the Methods. 
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Figure  3.--Mean dens i t y  o f  sockeye, coho, and 
chinook salmon by h a b i t a t  type. 
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Figure 4.--Number o f  sockeye, coho, and chinook salmon caught i n  t he  
downstream t r a p  a t  the  Taku Lodge s i t e  and r i v e r  stage i n  
August and September. 



ADULT SOCKEYE SALMON DISTRIBUTION AND SPAWNING HABITAT UTILIZATION I N  
THE TAKU RIVER I N  SOUTHEASTERN ALASKA AND NORTHWESTERN BRITISH COLUMBIA 

John H. E i l e r  
Northwest and Alaska F i s h e r i e s  Center  

Auke Bay Labora to ry  
Na t i ona l  Mar ine F i s h e r i e s  Serv ice,  NOAA 

P.O. Box 210155 
Auke Bay, Alaska 99821 

The Taku R i v e r  i s  one o f  t h r e e  r i v e r s  ca tego r i zed  by t h e  P a c i f i c  
Salmon T r e a t y  as transboundary r i v e r s  which have t h e i r  headwaters i n  
Canada b u t  f l o w  through t h e  U n i t e d  States.  The P a c i f i c  salmon 
(Oncorhynchus spp.) resource o f  these  r i v e r s  i s  impo r tan t  t o  b o t h  
coun t r i es ;  management and research needs a r e  s p e c i f i c a l l y  addressed by 
t he  Trea ty .  Bas ic  i n f o r m a t i o n  on escapement, i n - r i v e r  d i s t r i b u t i o n ,  and 
h a b i t a t  u t i l i z a t i o n  i s  needed t o  manage t h e  salmon i n  these r i v e r s .  I n  
a d d i t i o n ,  t h e  T r e a t y  s p e c i f i e s  t h a t  e f f o r t s  w i l l  be made t o  enhance 
salmon runs on t h e  transboundary r i v e r s  and t h a t  s t u d i e s  w i l l  be 
undertaken t o  determine t h e  f e a s i b i l i t y  o f  enhancement and t h e  p o t e n t i a l  
impact  on n a t u r a l  s tocks.  

A d u l t  sockeye salmon (0. nerka)  i n  t h e  Taku R i v e r  were s t u d i e d  i n  
1984 and 1986 w i t h  r a d i o - t e l r y  t o  o b t a i n  i n f o r m a t i o n  on t h e i r  
i n - r i v e r  d i s t r i b u t i o n  and m i g r a t i o n  r a t e s  and t h e  l o c a t i o n  and h a b i t a t  
c h a r a c t e r i s t i c s  o f  impor tan t  spawning areas. I n f o r m a t i o n  o f  t h i s  t y p e  
i s  d i f f i c u l t  t o  o b t a i n  by convent iona l  methods because o f  t h e  l a r g e  ' s i z e  
o f  t h e  r i v e r ,  l i m i t e d  access, and l i m i t e d  v i s i b i l i t y  o f  t h e  wa te r  due t o  
the  g l a c i a l  na tu re  o f  t h e  r i v e r ;  t h e r e f o r e ,  r a d i o  t e l e m e t r y  ( l o c a t i n g  
f i s h  tagged w i t h  smal l  r a d i o  t r a n s m i t t e r s )  was used. Base l ine  s tock  
sepa ra t i on  samples f o r  sockeye salmon were a l s o  c o l l e c t e d  f rom t h e  main 
stem o f  t he  r i v e r .  

I n  1984 and 1986, a d u l t  salmon moving upstream were cap tu red  by 
f i s h  wheels i n  t h e  lower  r i v e r  ( j u s t  above s a l t w a t e r  i n f l u e n c e  and 4 km 
below t h e  U.S./Canada border ) .  Sockeye salmon were tagged w i t h  r a d i o  
t r a n s m i t t e r s  p laced  i n  t h e  stomach, and were l o c a t e d  a t  l e a s t  once a  
week by boat  o r  f i xed-w ing  a i r c r a f t .  Du r i ng  August and September, 
h e l i c o p t e r s  were used t o  l o c a t e  f i s h  on t h e  spawning grounds and access 
these areas f o r  c o l l e c t i n g  samples w i t h  smal l  beach seines. 

Spawning areas i n  t h e  Taku R i v e r  main stem were c lass ' l ' f ied by  
h a b i t a t  types t h a t  i nc l uded  main channel areas, s i d e  channels, s i d e  
sloughs, t r i b u t a r i e s ,  t r i b u t a r y  mouths, up land sloughs, and l a k e  
systems. I n f o r m a t i o n  was a l s o  c o l l e c t e d  on t h e  c h a r a c t e r i s t i c s  o f  
s p e c i f i c  redd s i t e s  ( r edd  s i ze ,  s u b s t r a t e  composit ion, wa te r  v e l o c i t y ,  
depth, and wate r  temperature) .  

Base1 i n e  samples have been c o l l e c t e d  f rom d i f f e r e n t  areas of t he  
Taku R i v e r  t o  determine whether d i f f e r e n t  s tocks  w i t h i n  t h e  r i v e r  can be 



d is t ingu ished.  I n  1986, sockeye salmon i n  the  Taku R ive r  main stem were 
sampled f o r  scales, and b r a i n s  t o  determine the  presence o f  t h e  p a r a s i t e  
Myxobolus neurobius, which has been use fu l  i n  separa t ing  sockeye salmon 
stocks o r i g i n a t i n g  f rom d i f f e r e n t  r i v e r s  i n  southeastern Alaska and 
B r i t i s h  Columbia. Tissue samples f o r  e l e c t r o p h o r e t i c  ana lys i s  and f o r k  
lengths  and weights a l so  were taken and a re  c u r r e n t l y  be ing  analyzed. 

The Taku R ive r  main stem was d i v i d e d  i n t o  f o u r  areas fo r  analyz ing 
stock separat ion in fo rmat ion :  t he  U.S. sec t i on  and the  lower, middle, 
and upper ( lower  Nakina R i v e r )  Canadian main stem. These areas were 
charac ter ized by h a b i t a t  type: The U.S. sec t i on  cons is ted  o f  smal l  
t r i b u t a r i e s  f l ow ing  i n t o  the  main stem, the  lower Canadian main stem was 
an upland slough, and both  the  middle and upper Canadian main stem were 
s ide  channel areas. 

I n  1984, on l y  the  l a s t  two- th i rds  o f  t he  sockeye salmon run  was 
sampled and r e l a t i v e l y  few (93) f i s h  were tagged w i t h  r a d i o  t rans -  
m i t t e r s .  O f  these f i s h ,  80 were t racked u p r i v e r :  56 prov ided 
d i s t r i b u t i o n  i n fo rma t ion  (Table I ) ,  19 (24%) were caught i n  t h e  Canadian 
g i l l - n e t  f i s h e r y ,  and the  remainder were e i t h e r  l o s t  a f t e r  tagg ing  as 
the r e s u l t  o f  t r a n s m i t t e r  f a i l u r e  o r  t r a c k i n g  l i m i t a t i o n s  o r  d i e d  as t h e  
r e s u l t  o f  hand1 i n g  s t ress  o r  predat ion.  I n  1986, 282 sockeye salmon 
were tagged w i t h  rad io  t ransmi t te rs .  O f  these f i s h ,  179 were t racked 
u p r i v e r :  149 prov ided d i s t r i b u t i o n  i n fo rma t ion  (Table 1)  and 30 (17%) 
were caught i n  the  Canadian g i l l - n e t  f i s h e r y .  D i s t r i b u t i o n  i n fo rma t ion  
from 1984 and 1986 i n d i c a t e s  t h a t  a  l a r g e  p o r t i o n  o f  the  sockeye salmon 
run i n  the  Taku R ive r  uses the  main stem f o r  spawning, whereas p r i o r  t o  
1984, i t  was be l ieved t h a t  most o f  the  run was des t ined f o r  l a k e  systems 
i n  the  upper p o r t i o n  o f  t he  drainage. 

D i f f e r e n t  run t im ings  were observed f o r  d i f f e r e n t  stocks of f i s h  
en te r i ng  the  Taku River.  . I n  1986, sockeye salmon des t ined f o r  the  upper 
Nakina R iver  were the  f i r s t  t o  a r r i v e ;  54% o f  t he  f i s h  e n t e r i n g  the  
r i v e r  dur ing  the f i r s t  3 weeks o f  t he  study (22 June-12 J u l y )  t r a v e l e d  
t o  t h i s  area. I n  1984 and 1986, most o f  the  Kowatua Creek ( L i t t l e  
Trapper Lake) s tock entered the  r i v e r  du r ing  the  second, t h i r d ,  and 
f o u r t h  week o f  Ju l y .  The mainstem Taku R ive r  and Tatsatua Creek 
(Tatsamenie Lake) f i s h  entered the  r i v e r  p r i m a r i l y  between mid-July and 
e a r l y  August. 

The most important  h a b i t a t  type used f o r  spawning was s ide  
channels. Small s.ide channels j u s t  of f  the  main channel as w e l l  as 
extensive s ide  channel systems were used f o r  spawning. Sockeye salmon 
a1 so spawned i n  main channel areas, t r i b u t a r i e s ,  t r i b u t a r y  mouths, and 
up1 and sloughs. 

Redd s i t e s  w i t h  a  wide v a r i e t y  of c h a r a c t e r i s t i c s  were used by 
sockeye salmon i n  the  main stem, a l though most f e l l  w i t h i n  ranges 
p rev ious l y  observed. Most prepared redd s i t e s  had a  subs t ra te  
composit ion o f  l ess  than 20% f i n e  sediment, b u t  some had unusua l ly  h igh  
(up t o  80%) l e v e l s  o f  f i n e  sediment--higher than l e v e l s  p rev ious l y  
recorded. Many mainstem areas used f o r  spawning had h igh  l e v e l s  o f  s i l t  
and sediment. F ish  prepar ing redds i n  these areas e s s e n t i a l l y  dusted 



Table 1. --In-river distribution of returning adult 
sockeye salmon (Oncorhynchus nerka) on the Taku 
River in southeastern A1 a s E a X  northwestern 
British Columbi.a, 1984 and 1986. I n  paren- 
theses i s  percent of fish by location and year. 

No. fish by year 

Location 1984 1986 

Taku  River (main stem) 
Nakina River (lower) 

Nakina River (upper) 

Inklin River 

Kowatua Creek 

Tatsatua Creek 

Nahlin River 

Hackett River 

Grand total 

A'cornbined because the lower Nakina River flows into the 
Taku  River main stem a n d  i s  similar in habitat type. 



sediment o f f  p r i o r  t o  spawning. Many o f  these s i t e s  s i l t e d  over again 
a f t e r  spawning a c t i v i t y  had ceased. Spawning areas i n  s ide  channels and 
main channel areas, where s i l t  l e v e l s  were heaviest,  tended t o  be 
associated w i t h  upwel l ing  water. 

A t o t a l  o f  507 f i s h  were examined f o r  b r a i n  pa ras i tes  (Table 2 ) .  
Only the  lower Canadian main stem had a  h igh  (78%) i n f e s t a t i o n  ra te .  
Lower (13-17%) l e v e l s  o f  pa ras i t i sm were observed i n  the  o the r  areas. 

Age data were obta ined from 513 sockeye salmon from mainstem areas 
(Table 3 ) .  F ish  using t r i b u t a r i e s  i n  the  U.S. sec t ion  res ided i n  fresh 
water f o r  1 year  ( f reshwater  age 1 f i s h ) .  Although f reshwater  age 1 
f i s h  a l so  were observed i n  the  lower and middle Canadian main stem, most 
(55% and 64%, respec t i ve l y )  f i s h  i n  these areas were f reshwater  age 0  
(residence t ime i n  f resh  water l ess  than 1 year ) .  Most (71%) f i s h  i n  
the upper Canadian main stem were freshwater age 1 f i s h ,  y e t  the  h a b i t a t  
type i n  t h i s  area i s  s i m i l a r  t o  t h a t  i n  the  middle Canadian main stem 
where most o f  t he  f i s h  were freshwater age 0. 

F ish  i n  the  U.S. sec t ion  and the  middle and upper Canadian main 
stem were predominantly one year c lass  (Table 4 ) .  The dominant year  
c lass  i n  the U.S. sec t ion  was 1981; and i n  the  middle and upper Canadian 
main stem, 1982. F i sh  f rom the  lower Canadian main stem were more 
evenly spread over several year  classes. 
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INTRODUCTION 

  he life history of sockeye has been thought to almost always 
include on or more winters of growth as juveniles in freshwater 
lakes. This is certainly true for the vast majority of sockeye 
salmon both statewide and in Southeast Alaska. Most studies of 
sockeye, whether for allocation, enhancement, or population 
dynamics components, assume freshwater residence in a lake 
system. An increasingly broad audience accepts that juvenile 
sockeye salmon populations utilize riverine and estuarine habitat 
for rearing'where lake habitat is unavailable. Adult fish 
utilizing habitat other than lake systems can be grouped as 
'river-type', and are prevalent at numerous locations in 
Southeast Alaska where environmental conditions and habitat 
necessitate support an alternative juvenile life history. Many 
of these juveniles migrate to sea before one year has elapsed 
from egg deposition, and hence are referred to as 'sea-type' or 
'zero-check' 1/ (Figure 1) . 
Zero-check sockeye were inferred by fry scale patterns in fish 
emerging below Harrison Lake in British Columbia by Gilbert 
(1918). Spawning adults were observed by Ward (1921) in Clear 
Creek, a tributary of the Copper River, where fry would not have 
access to a lake system. Zero-check sockeye have been observed 
in other Alaskan rivers west of Cape Suckling, in the Nushagak 
River (Ben Van Alen, ADF&G, Douglas, AK, pers. comm) and in the 
Susitna River (Scott Marshall, ADFBG, Douglas, AK, pers. comm). 
Sea-type sockeye have also been described in Kamchatka by Semko 
(1954), Krogius (1958), Krokhin and Krogius (1937), and Bugaev 
(1984). 

In Southeast Alaska, zero-check sockeye salmon are present in 
most commercial fisheries throughout the region, but are found in 
escapements primarily in: (1) the Stikine River (McCart 1982; 
Oliver 1982; McPherson 1983; Walls 1984; Jensen 1986; and Wood 
et al. 1986) ; (2) the Taku River (McGregor 1985; 1986) ; (3) Lynn -- 
Canal rivers (McPherson et & 1983; McPherson and Marshall 1986; 
McPherson 1987; and McPherson, in press); and (4) rivers that 
drain the Yakutat coastline (McBride and Brogle 1983; McBride 
1984; 1986; and Riffe &, in press) (Figure 2). 

1/ Zero-check refers to freshwater age in the European formula 
for scale ageing where numerals preceding the decimal refer 
to freshwater annuli, numerals following the decimal are the 
number of marine annuli, and total age is the sum of these 
two numbers plus one. 



BIOLOGY AND DEFINITIONS 

TO clarify some points in reference to zero-check sockeye let us 
remember that sockeye salmon are divided into two groups, lake- 
type and river-type. River-type adults spawn in river habitat 
and the progeny from the same geographic isolate (stock) 
outmigrate as zero-check, one-check, or even two-check fish, with 
the term 'check' referring to a true freshwater annuli. Semko 
(1954) and Wood et al. (1986) referred to river-type sockeye as 
those that .reared in river lagoons or pools 'for at least one 
winter and sea-type as those that outmigrated as underyearlings. 
This is misleading since the juveniles rear in river habitat for 
varying lengths of time, from less than to more than one year. 
Zero-check sockeye, then, are simply offspring of river-type 
sockeye which migrate to sea without overwintering as fry. 

What determines a zero-check sockeye? 

This is not, at present, easily answered, but some river-type 
sockeye stocks are dissimilar both in habitat utilization and 
genetic composition. Electrophoretic studies demonstrated that 
the Chilkat Lake stock was significantly different at several 
loci from the river-type stock found along the mainstem of the 
Chilkat River (Jack Helle, National Marine Fisheries Service, 
Auke Bay, AK. pers. comm. ) . River-type sockeye salmon are unique 
in that they utilize habitat including glacially occluded 
mainstems, clear tributaries, slow moving side channels, sloughs, 
and lagoons, habitat more commonly used by pink and chum salmon. 
The latter two species do not rear overwinter in this habitat, 
instead outmigrating almost exclusively as zero-check fish. Not 
surprisingly, sockeye have been observed spawning within a few 
feet of pink and chum in the Lace River of Berners Bay, and at 
other locations. 

Alaskan and Canadian river valleys which have been gouged by 
glaciers and subsequently filled with substrate over which 
meandering rivers and accompanying side channels, sloughs, and 
tributaries flow provide the most common habitat for river-type 
sockeye. Gravel beds, which may be up to several hundred feet 
deep as in the Tsirku Delta on the Chilkat Mainstem, occur along 
many of these rivers and are often associated with upwelling of 
clear, oxygen-laden groundwater. Groundwater of this nature is 
often warmer during winter months than surrounding river water. 
River-type spawning often occurrs near areas of upwelling. The 
warmer winter water temperatures in these areas may cause alevins 
to emerge earlier and fry to have an opportunity to begin growth 
earlier than their counterparts lying in gravel beds elsewhere. 



STIKINE RIVER 

The Stikine River sockeye salmon population is comprised of two 
groups, those fish that spawn at Tahltan Lake and all others, 
which are mostly river-type fish. Until 1982 it was believed 
that Tahltan Lake contributed approximately 90% of the St.ikine 
River sockeye return (Bergmam 1978). This mistaken idea was due 
to the lack of escapement surveys in remote areas, the turbidity 
of much of the watershed, and a lack of stock identification 
techniques. Using scale patterns' as a distinguishing criteria, 
McCart (1982) demonstrated that the return was comprised of a 
much great=r proportion of non-Tahltan fish. This has been 
substantiated by subsequent studies (Oliver 1982, McPherson 1983; 
Craig 1983; Walls 1984; Jensen'1985 and 1986; Wood et & 1986). 

The Stikine River migration is intercepted in U.S. fisheries in 
Districts 104, 106, and 108 and Canadian fisheries on the lower 
river (commercial) and upriver near Tahltan Lake at Telegraph 
Creek (commercial and subsistence). 

For the years 1979 to 1986 the estimated total return (catch plus 
escapement) of sockeye salmon to the Stikine River has ranged 
from approximately 50,000 to over 150,000 fish. River-type 
sockeye have comprised an estimated 40 to 60%, and zero-check 
fish 5 to 6% (2,500 to 9,000 fish), of the total return, 
respectively, in most years. Scale patterns analysis, egg size, 
electrophoresis, otoliths, length and sex data, or a combination 
of these data have been used to develop discriminating criteria 
for stock identification and catch allocation in the various 
studies. Sonar enumeration in the lower river, escapement counts 
from the weir at Tahltan Lake, and a combination of the stock-ID 
criteria are currently used to develop escapement estimates for 
the two groups. 

I will use the Canadian inriver fishery as an example to provide 
a general overview of zero-check peak abundance in the Stikine 
River. The fishery operates from late-June through late-August 
with catches peaking f'rom mid-July to early-August. Tahltan fish 
migrate earlier and catches of these fish generally peak between 
6 - 12 July. Non-Tahltan Lake fish, comprised of river-types and 
lake-types from several small lakes in the drainage, peak in 
abundance two to three later. ' The zero-check component of this 
group comprises up to 20% of the weekly catches late in the 
season (McPherson 1983). 

TAKU RIVER 

The Taku River sockeye return is composed of several major 
populations which spawn in various locations in this large river 
system (Figure 3). The majority of lake-type fish return to 
Kuthai Lake, Tatsamenie Lake, and Little Trapper Lake. Major 
river-type spawning populations are found in Johnson Cr., Yehring 
Cr., near Canyon Island, along the Taku River Mainstem from South 
Fork Slough to the mouth of the Inklin River, along the lower 



portion of the Nakina River, and in the Tatsamenic and Hackett 
rivers. Scale samples collected since 1984 indicate that 10 to 
50% of each river-type location is comprised of zero-check fish. 

Miuration Emloitation 

Sockeye bound for the Taku River enter inland waterways through 
Cross Sound and are exploited to a small degree in the U.S. Icy 
Strait purse seine Districts 112 and 114. Further exploitation 
occurs in the U.S. District 111 drift gillnet fishery and in the 
Canadian inriver commercial glllnet fishery. Total return in 
recent years (1984, 1985, and 1986) has averaged approximately 
185,000 fish (Andrew McGregor, Alaska Dept. of Fish and Game, 
Douglas, pers. comm.). The District 111 fishery has taken an 
average of 73,000 fish annually durlng those years (approximately 
80% of this total is bound for the Taku and the remainder for 
Port Snettisham), the Canadlan inriver fishery catch has averaged 
19,000 fish, and the escapement (mark-recapture) estimates have 
averaged approximately 95,000. Scale patterns analysis is used 
to allocate catches and a comprehensive scale sampling and 
tagging program operates just below the Canadlan border at Canyon 
Island where samples taken from fish captured in fishwheels 
provide upriver stock and escapement estimates. 

Timinq 

The relative abundance' of age 0. fish climbs as the season 
progesses in District 111, at Canyon Island, and in the Canadian 
fishery, comprising up to 40% of these catches in some weeks 
(Figure 4). The consistency of these age composition data both 
among fisheries and years suggests that zero-check timing can be 
used to indicate timing of river-type fish, regardless of 
freshwater age. This is further supported by the fact that the 
proportion of age 0. scales samples collected at Canyon Island is 
closely mirrored by the run timing of mainstem river stocks as 
documented from spawning ground recoveries of tagged fish (Figure 
5 ) .  

It is interesting to note that the peak of zero-check fish in 
the northern portion of District 112 occurred in statistical week 
31, just prior to peak abundance of zero-check fish in the Taku 
fisheries. These fish were not bound for other zero-check 
producing systems in northern Southeast Alaska since the run 
timing of the only other significant stock of age 0. fish (Lynn 
Canal) peaks approximately one month earlier, and suggests that 
the presence of age 0. fish provides a means of stock 
identification through various fisheries. 

The 1985 return of approximately 190,000 sockeye to the Taku 
River was comprised of an estimated 10% (19,000) age 0. fish. 



LYNN CANAL 

Chilkoot Lake and Chilkat Lake systems contribute most of the 
400,000 to 600,000 total return of sockeye salmon to Lynn Canal 
each year. River-type stocks from the mainstem portions of the 
Chilkat River and from three of -the four rivers that drain into 
Berners Bay also contribute to the catches, however (Figure 6). 
In 1986 56% of the Chilkat mainstem and 38% of the Berners Bay 
scale samples were zero-checks (McPherson, in press). 
Interestingly, the spawning areas on the mainstem of the Chilkat 
River are influenced to a greater extent by upwelling groundwater 
than the spawning locations in Berners Bay (Ray Staska, Alaska 
Dept. of Fish and Game, Haines, pers. comm.). 

Maqni tude 

Aerial survey data suggests that the escapement of river-type 
fish to the Chilkat River is in the range from 5,000 to 15,000 
fish, while the escapement to Berners Bay ranges from 2,000 to 
10,000 (Ray Staska, Alaska Department of Fish and Game, Haines, 
pers. comm.) Catches from the combination of these stocks were 
16,000 and 11,500 in 1985 and 1986, respectively (McPherson, 1985 
and 1986 catch allocation reports, in press). The total return 
can be qualitatively placed between 25,000 and 40,000 fish in 
recent years. Of the total, 30 - 50% (9,000 - 20,000) are zero- 
check sockeye. Figure 6 illustrates the relative abundance of 
age 0. fish from these two stocks through the fishery. 

Timinq 

The Lynn Canal drift gillnet fishery can be broken into two 
segments; an early season low effort, low catch segment comprised 
of a high proportion of Berners Bay/ Chilkat River fish, and a 
later, larger fishery which targets on the bulk of the Chilkoot 
Lake and Chilkat Lake migrations (Figure 8). The overall timing 
of the Berners/Mainstem stock is very early compared to that of 
Chilkoot Lake and Chilkat Lake. The mean date of harvest for the 
Berners/Mainstem stock in 1985 was 10 July compared to 12 August 
and 18 August for the Chllkoot and Chilkat stocks, respectively 
(McPherson, in press). The proportion of zero-check fish in Lynn 
Canal is relatively high during the first four weeks and is low 
thereafter (Fibre 9), suggesting that the timing and presence of 
the Berners/Mainstem stock can be tracked by the zero-check 
component of the fishery. 

YAKUTAT 

The Yakutat area is home to the largest populations of zero-check 
sockeye salmon in the state, if not elsewhere as well. Several 
rivers along the Yakutat coastline are sockeye producers, 
including the East (Alsek), Alsek, Akwe, Italio, Situk, and Lost, 

. of which only the Akwe and sit& are lake-type systems to any 
extent (Figure 10). All support terminal area, inriver and/or 
lagoon fisheries. Interception of these fish prior to their 



arrival at the terminal areas these fisheries occurs in Y&utat 
Bay and Manby Shore fisheries (Don Ingledue, Alaska Dept. of ~ i s h  
and Game, Douglas, pers. comm.) and further west in the Kayak 
Island fishery offshore from the Copper/Bering fisheries (McBride 
et al. 1984) . -- 
Maqni tude 

The 1985 return is used to illustrate the magnitude of the return 
of zero-check sockeye to the Yakutat area. In 1985 the total 
estimated return (catch plus escapement) was 444,606 to the above 
mentioned rivers excluding catches in the interception fishery at 
Kayak Island. Of this total two rivers, the East with 55% 
(244,978 fish) and the Situk with 29% (128,619 fish), accounted 
for 84% of the return (Riffe et &, in press). All fisheries 
and escapements included zero-check fish, ranging from less than 
1% in the Situk escapement above the weir to 98% in the East 
catch. Overall the return was composed of slightly more than a 
quarter of a million (57%) age 0. sockeye salmon, 93% of which 
was contributed by the East River. It is interesting to note 
that the East River was part of the Alsek River until the late 
1960's and has since become a separate entity fed by clear 
ground-water upwelling through gravel deposits (Don Ingledue, 
Alaska Dept. of Fish and Game, Douglas, pers. comm.). 

DISCUSSION 

This is not a directed study, rather, the information presented 
herein is intended to provide an overview of the prevalence of 
significant populations of zero-check sockeye in Southeast 
Alaska. For detailed information and specific items, the 
appropriate literature should be referenced in the 'Southeast 
Alaska zero-check sockeye salmon literaturet list attached. 

In addition to utilizing habitat unique to most sockeye 
populations, zero-check sockeye provide other tools as well. As 
mentioned earlier, age composition data can be used to identify 
river-type populations migrating through several commercial 
fisheries. From an enhancement standpoint, age 0. fish provide 
an opportunity to realize returns one year earlier plus greatly 

. reduce the overall cost of raising fish by eliminating the need 
to overwinter the fry for one year in a hatchery environment. 

Some of the information presented here is speculative and further 
research needs to be done to document life history and other 
aspects. Areas of particular interest include: (1) documentation 
of the zero-check scale pattern as it relates to inriver rearing 
and outmigration; (2) estimation of the productivity of river- 
type sockeye as they may be less productive than lake-type fish; 
(3) documentation of the role of groundwater as it relates to the 
proportion of zero-check fish in a river-type population; (4) the 
success of zero-check sockeye salmon enhancement in the natural 
setting; and (5) the prevalence of sockeye salmon populations in 
other areas of the state. 
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Figure 1. T- a typical zero-cfydc (river-type) to a tm-&eck 
( l e t y p e )  sockeye !dlmn scale pattern. 



Figure 2. Map of Southmst Alaska slnwlng locations of major populations of 
zem4mA sodPeye salmon and migratian mutes. 
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DSSTFURUTICXIJ OF THY BRAIN PARASITT MYXCBOTXJS NlWRORNS I N  SOCKEXT SAV'4CN 
I N  sClUTHTm AtASRA AND USE OF THE PARXTE FOR SlUX ID-PATION 

Adam Moles 
National .Marine Fisheries Service 

P.O. Box 210155 
Auke Bay, Alaska 

In 1982 and 1983, the Canadian Departnwt of Fisheries and Weans 
collected samples of spawn* sockeye salmn! frcm several maior spawninq 
rivers in Southeast Alaska and British Col-ia. (Pacific Salmon 
fhmission 1987) . The spomzoan parasite, Myxobolus neurobius , was 
found to be present in all but m of the Alaska stocks - Chilkat and 
Chilkoot Lakes. In confzast, only the coastal portions of British 
Colunbia were found to  be infested w i t h  the parasite. Most lake ss tems 
were ei ther heavilv parasitized with most of the f i sh  having the 
parasite or they lacked any evidence of its presence a t  all. 

While only a few lake systems had been examined, the possibility exist& 
that  the parasite presence or  absence miqht serve as a useful bioloqical 
tag for separatinq Alaska and British Columbian sockeye salmon stocks, 
particularly when canbined w i t h  other stock separation techniques. 
Further baseline data was needed on the distribution and b i o l m  of t!e 
parasite . 
In 1986, the Auke Bav Tahoratoq examined sockwe collected frm 24 
lakes throughout southeast Alaska. (Table 1). Sane of these lakes had 
been previously sampled, but samplinq 3-4 years l a te r  permitted us t o  
examine interannual variabilitv. Onlv S t e p  Creek la qlacial  lake 
system) canpletely lacked a n y 7  evidence of the brain parasite. mutine 
Lake and Lace River had a h s t  no parasitism (2 and 5%). The Stilcine 
River, the Chutine River, the Naha River, and Luck Lake had 40-50% 
prevalance. ' m e  remaining system had qreater than 72% infection and 1 4  
systems had qreater than 35% prwalance. The Taku R i v e r  had a wide 
variation in prevalance ransing frcm 0% to  78% dependinq on location. 
(Figure 1) . 
The l i f e  cycle of wabolus  is still largely mbown. Dana (1982) 
hypthesized a direct  l i f e  cycle based on transmissia experiments. He 
was able t o  directly infect juveniles w i t h  the spores fman the brains of 
adult salnron. In a direct l i f e  cvcle, no intermediate hosts are neces- 
s a w  for the canpletion of the l i f e  cycle. The fnr would injest  spores 
released fram the decav of spawning adults and the spores would mature 
as the fish qrew older. 

The l i f e  cycle of a related mosporidean f ish  parasite has been worked 
out since the publication of Dana's thesis. The causative agent for 
whirling disease is a related sporozoan, Myxosonra. Myxosc~nra spores are 
injested by tubificid oligochaetes which release an actinosporean. This 
actinosporean is injested by the f ish  and the spores develop i n  the 
fish. (Wolf and Markiw 1984) . ~ W s a n a  has also been found i n  the brain 
of the blue heron and seabirds may ac t  as  vectors i n  the distribution of 
the parasite (Meyers e t  al .  1970). Similarlv, w e  are explorinq the 
possibj-1-ity that seabirds, e s ~ e c i a l l v  qulls, may part ial ly explain the 



distribution of Mvxobolus. M s t  of the lakes that had the parasite 
present are not fa r  frm the sea and the inland s)htenrj and glacial 
streams where gulls are largely absent also seem to  lack the parasite. 

(hnnercial fisheries samples frun areas 106, 104 and 111 were examined 
for the presence of the parasite on a weekly basis (Table 2). The data 
w i l l  be d i n e d  with electrophoretic and scale data fran the same f ish  
t o  determine the feas ib i l iw of separating stocks of sockeye salmon 
using canbinations of the ahwe techniques. In i t i a l  camarison of 
parasite prevalance by week with existinq estimates of Alaskan stock 
contributions t o  the fisheries suqqests that  parasites s h w  p d s e  as  a 
stock tag. 

In addition, we are beginninq work & the physiological effect  of 
Mvxobolus on its host. It is assumed that  Mmobolus has l i t t le  o r  no 
effect.  on sockeye salmon which would support its use as  a tag. A qood 
tag should have l i t t le effect on the survi~rnl of the fish. It seems odd 
that a fish with thousands of 12 micrm spores in its brain cavitv would 
not be affected in sane manner. We are currentlv heginninq an hvesti- 
gat.ion on the effect  of the parasite on growth, osmoregulation, sa l in i ty  
tolerance and swimring performance. 

Another parasite that shows p d s e  as  a taq for separating Alaskan and 
Canadian salmanids is the protozoan flesh parasite, Henneqwa. The 
distribution of th i s  parasite in Rritish Colmhian fishes shows much the 
same pattern as the distr.ibution of Mmobolus (F30yce e t  al. 1985). It 
is larqely absent f m  Canadian r iver systems except for coastal 
streams. Very l i t t l e  is lcnown about the distribution of Y e n n q a  in  
Alaskan sockeye. 
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FIGURE 1. Percentage sockeye salrnun parasitized by Myxobolus 
neurobi uo in 1386 base1 ine syster~~s surveyed. Numbers correspond 
to Table 1 to identify system names. = 100 % parasitized; 

0 =  0 % parasitized. 



TRELE 1. O c c u r r e n c e  of b r a i n  s p a r e  Myx0br=111~s n e u r o b i u s  i n  
s c l c k e y e  salmon col l e c t e d  f r o m  s o u t h e a s t e r n  Fllaska a n d  
B r i t i s h  C o l u m b i a  w a t e r s h e d s ,  1986. P/T = n u m b e r  f i s h  
p a r a s i t i z e d / n u m b e r  f i s h  s a m p l e d ,  a n d  % P = p e r c e n t a g e  
f i s h  p a r a s i t i z e d .  

BRSELINE 

Kegan  Lk. 
L e a s k  Lk. 
Naha 
H e l n i  Lk. 
K a r t a  weir 
McDonald Lk. 
L u c k  Lk. 
U p p e r  S a r k a r  
St-tt ter Cr-. 
Red Bay Lk. 
Sa ln ion  Bay Lk. 
Shal-tl Cr .  
Thlz~nrs Lk. 
Q l e k  Lk. 
I< I-\ t 1 a k. 1-1 L  k.. 
P e t  et-sbl-tr-g Lk. 
S t  i k i n e  R. 
C h u t  i n e  Lk.  
Cht-tt i n e  R. 
R e d l ~ ~ u b t  Lk.. 
S p e e l  Lk. 
Q u k e  C r .  
S t e e p  Cr-. 
L a c e  R. 

GEOGRRPHIC LOCRTION 

SE P r i n c e  Wales Is. 
W R e v i l l a g i g e d o  I s .  
W R e v i l l a g i g e d o  Is. 
E Eehm C a n a l  
E P r i n c e  Wales Is.  
NE Eehm C a n a l  
NE P r i n c e  Wales Is. 
NW P r i n c e  Wales Is. 
N K u s c i u s k u  Is .  
N P r i n c e  Wales Is.  
I I I I I I  I I  

I1 I1  I l  I1 

S W  Wr-angel1 Is. 
W K u i u  I s .  
I 1  I I  I I 

E KI- tpreanuf  Is. 
mai n s t  e r n  
S t i k i n e  H. 
S t i k i n e  H. t r i b .  
W B a r a n o f  I s .  
S t e p h e n s  P a s s a g e  
J I - tneau  
Jl-trlea1-1 
L y r ~ r ~  Carla1 

Tak.1.~ River- . Car111:e S1. r~ia i r ~ s t  e r n  
6 .  C h ~ - t r ~ ~ / S a l r ~ i ~ = ~ n  S1. I a 

7 .  C o f f e e  S1. ,I 

8 .  H u n a k t a  S1. I t  

' 3 .  S h l . t s t a h i n i  S1. I I - - a). S l ~ ~ ~ u t h  Fork. S1. I1 

31. Tuskwa S1. I I 

32. F i s h  Cr .  t r i b u t a r y  -- . Y e h r i n g  Cr-. I 1  

34. N a k i n a  R. I I 



TFIELE 2. O c c u r r e n c e  of b r a i n  s p o r e  Mvxobolus  net-rrobius i n  
s o c k e y e  s a l m o n  sarnpl e d  from commerci a 1  c a t c h e s  
by d i s t r i c t  and week. P/T = number f i s h  para-  
sit ized/nurnber f i s h  sampled ,  and % P = p e r c e n t a g e  
f i s h  p a r a s i t i z e d .  - 

COMMERCIQL FISHERY 

DISTRICT WEEK 

40 / 47 85 
46/60 77 
65/101 64 
FISHERY CLOSED 
59/32 64 
NO SQMPLES 
56/ 102 CC J J  

37 / 1 (:I (:I 37 - 31 / l(l3 s (1) 

118/1SZ 
58/83 
53/68 , 

FISHERY 
I 1  

65/37 
54 /3(:) 
c- . ~ ~ / 8 3  
38/83 

3/43 

78 
65 
57 

CLOSED 
I 1  

157 
6 (:I 
€# (3 
43 
21 

48/55 87 
30 /4(3 75 
35/74 47 
13/136 14 
23/ 138 17 
33/138 28 
17/63 25 
18/32 2 (1) 

1/7 --- 
NO SRMPLES 
7/27 26 
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BACKGROUND 

The Department of Fish and Game launched the statewide 

limnology program in 1979. The program was initiated under the 

Division of Fisheries Rehabilitation, Enhancement, and 

Development; and is aimed at rehabilitation and enhancement of 

sockeye salmon by manipulating nursery lakes through nutrient 

enrichment and fry stocking. 

Early on, it was decided that a systematic approach to field 

investigations and decision-making regarding the benefits of 

these techniques to sockeye populations would be required. For 

example, a "Guidelinet1 to lake fertilization was published in 

1979 and became the "how tow manual for department staff and 

cooperators. The guidelines set forth the standards for the 

types and amounts of data to be obtained from lakes prior to 

enrichment and, importantly, include the types of information 

required to judge whether or not fertilizer application has 

done any good. The latter encompasses what is known as project 

evaluation. Evaluation is keyed to several benchmarks or 

trophic responses of the lake ecosystem. These include 

responses of the phytoplankton (primary production); responses 

of the zooplankton (secondary production); and responses of the 

rearing juvenile sockeye salmon (tertiary production). 

In conjunction with cooperators such as the U. S. Forest 

Service, regional aquaculture associations, and others, lakes 



that would s e n e  as candidates for study were selected from 

around the state. Sockeye salmon lakes across Alaska can be 

crudely categorized according to the appearance of the water 
& 

within the lake basin: clear, stained or tea-colored, and 

silty or milky because of intrusion of glacial meltwater 

(Koenings et al. 1986). Lakes finally chosen as study lakes 

included representatives from each of these categories. 

FINDINGS 

General 

synthesis of research results obtained from lakes around the 

state formed the basis for the development of predictive models 

on the carrying capacity and production of sockeye salmon 

systems. By using performance data from a variety of lakes 

representing specific lake types, we were able to classify 

lakes into categories which reflect the limitation to sockeye 

salmon production. Lakes limited by the low numbers of 

juvenile recruits able to enter the rearing area were 

"recruitment limited." Lakes limited by the quality and 

quantity of forage production in the rearing arena were 

Itrearing limited." Each type of limitation was found to be 

linked to specific characteristics of the smolt populations 

(age, size, number) and to the rearing arena (forage, 

temperature, light). In particular, the rearing limited lakes 



were further classified into "forage limitedg1 and ggenvironment 

limitedw systems ( ~ o e n i n ~ s  and Burkett 1987) . 

We grouped lakes according to numbers of sockeye salmon fry per 

lake unit (population density) and lake fertility (capacity to 

produce suitable forage). Production in these two groups of 

lakes is described and sub-divided as follows: 

A. Recruitment limited (low initial input and density of fry) 

1. Escapement limited (density independent) 
2. Spawning area limited (density indepdent) 

B. Rearing limited (poor lacustrine conditions or fry-forage 
interaction) 

1. Forage liwited 

a. poor quantity and quality of forage base 
(density dependent) 

b. poor spatial/temporal concurrence of fry and 
forage (density independent) 

2. Environment limited 

a. unfavorable temperature regime (density 
independent) 

b. short growing season (density independent) 

The classification indicates that rearing limitation can be 

either forage or environment based or both; that forage 

limitation can be density dependent or independent; and that 

density independent growth can be either recruitment or rearing 

limited. 

Use of this lake classification scheme provides an approach for 

the matching of the appropriate enhancement strategy (e.g., 



lake plants of fry or lake enrichment) to the limiting feature 

of the lake. Our investigations have linked one physical 

feature of lakes (euphotic volume) to the base of the food 

chain and, in turn, to sockeye salmon production. We have 

distilled out a series of equations which can be used to 

forecast baseline sockeye salmon production from lakes, and to 

determine numbers of rearing fry (Koenings and Burkett 1987). 

These findings can also be used to establish escapement goals 

for sockeye salmon lakes. 

From experimental manipulations of fry densities, we have 

developed two predictive equations: 

1. Log SW = 5.78 - 1.09 log SD (EV),; r2 = 0.99 

- 2. % RVS = 1.89 + 51.86 log SW; r2 = 0.92 

Also, from empirical observations on nursery lakes, we have 

formulated four relationships: 

3. SN = -42,021 + 23,010 EV; r2 = 0.97 

4. Log SL.= 1.71 + 0.31 log SW; r2 = 0.99 

5. Log Ocean Survival = -2,647 + 0.035 SL - 0.000142 

6. ASP=-95,000+ 2,498 EV; r2 ~ 0 . 9 5  

Where: ASP-Adult Sockeye Production 

3 EV=Euphotic Volume units (millions of m ) 

SW=Smolt Weight (gm) 



SN=Smolt Numbers 

SL=Smolt Length (mm) 

SBStocking Density per unit EV 

For nursery lakes capable of supporting density-dependent 

growth, a stocking density (SD) of -110,000 fry EVo1 would 

result in forecasting the production of a 1.9 g age 1. smolt 

(equation 1). This corresponds to a threshold sized smolt of 2 

g which is then used to estimate a brood-year freshwater 

survival (FWS) at 18% (equation 2). The original stocking 

density of 110,000 fry/EV multiplied by a survival to smolt of 

18% yields a smolt population estimate of 20,000 smolts/EV. 

This is very close to the 23,000 smolts/EV found in the 

empirical relationship derived from rearing limited lakes 

(equation 3). 

The threshold smolt size of 2 g can be converted to an 

equivalent length (equation 4) of 64 mm which results in a 

predicted ocean survival of 10% (equation 5). That is, the 

nearly 20,000 smolts/N of 2 g size produced by an original 

stock density of 110,000 fry/N forecasts the production of 

nearly 2,000 adults/EV. This is consistent with our empirical 

observations of rearing limited sockeye salmon systems 

(equation 6) that produced 2,400-2,500 adults/EV. Moreover, 

the overall ocean survival estiamte derived from a comparison 

of equations 3 and 6, i.e., 2,500 adults/EV equals 11%. 

Finally, use of 2 g sized smolt populations throughout the 



calculations (outlined above) becomes the model for systems 

only capable of density-independent rearing. Thus, through 

validating empirical obsenrations with experimental results,. a 

set of equations emerge that are useful in estimating adult 

production levels from any stocking density based on a lake's 

euphotic volume, and the knowledge of density dependent versus 

density-independent juvenile rearing. 

By modeling existing sockeye salmon production based on the 

above approach, we can now define 1) the enhancement approach 

most likely to result in a positive benefit, and 2) a realistic 

appraisal of expected adult production and the numbers of fry 

it requires which are especially useful in both planning and 

benefit/cost estimates. . 

EVALUATION 

Amroaches to Lake Maninulation: Frv Plants and 

Nutrient Enrichment 

Since 1979, sockeye salmon rehabilitation and enhancement in 

Alaska has proceeded successfully along two fronts. The first 

is stocking or outplanting sockeye juveniles (0.2-0.3 g) into 

lakes to take advantage of a pre-existing excess in natural 

forage production. The second is enriching the lake 



environment with nitrogen and phosphorus to increase forage 

production for a high pre-existing level of juvenile recruits. 

Briefly, results of the outplants from three different 

facilitites located in Southeast and Southcentral Alaska are 

summarized in Table 1. All lakes have a continuous record of 

successive annual outplants with values representing mean 

levels for resulting smolts and adults for the years on record 

(as indicated by the parenthesis). To date we have been 

successful at consistantly producing both smolts.and 

harvestable adults through our hatchery program. Results of 

the fertilization of two lakes located in Southcentral Alaska 

are shown in Table 2. Our goal is to produce larger and 

younger smolts so that the freshwater and marine survival 

advantages of larger size can result in greater adult returns. 

For the equivalent numbers of spring fry planted in Leisure 

Lake, we'have been successful at producing younger, larger, and 

more numerous smolts. No adult returns are available to 

compare as the first post-fertilization smolts left the lake in 

1986. In packers Lake, the response to the nutrients is 

similar in terms of larger, younger fish. However, Packers 

Lake serves as an example of the potential for error when 

having to use escapement numbers as an index to successful fry 

recruitment. Thus, perhaps the less numerous smolts observed 

in this one post-fertilization year. 



Table 1. Synopsis of sockeye salmon fry plants from three State of Alaska 
hatcheries and the mean annual production as smolts and adults, 
realized for the number of years indicated in parentheses 

Spring 
juvenile Hatchen 
release Smolts Adults 

Release (0.2-0.3 g) produced produced 
Facility Lake years (mean1 (mean) (mean) 

Crooked Tustumena 79-86 12,700,000 (8) 2,540,000 (6) 390,000 (4) 
Creek Leisurp 80-84 1,420,000 (5) 277,000 (5) 95,400 (3) 

Chenik 78-81 450,000 (3) -- 46,000 (4) 

Trail Lakes . Hidden 83-86 1,032,000 (4) 475,333 (3) 401000 (1) 

Beaver Falls Bakewell/ 
I 
w Badger 85-86 525,000 (2) 120,000 (2) 

I 

'839,000 fry released in 1986 not included. 



Table 2. Synopsis of changes in sockeye salmon smolt characteristics for 
Leisure and Packers Lakes resulting from the application of nitrogen 
and phosphorus to the epilimnion. 

Spring Smolts 
fry Aqe 1 Ase 2 

Smolt density 
Lake 

Age 
vear (millions) Size Size f % )  Total 

Age 

Leisure: Pre-fert. 
1985 2.1 62 mm; 1.8 g 26 75 mm; 3.4 g 74 178,000 

Post-fert. 
1986 2.1 84 mm; 4.8 g 60 110 mm;11.5 g 40 376,000 .............................................................................. 

Parent 
year 

I 
adults 

I-' 
o Packers: Pre-fert. 
I 

1983 13,000 96 mm; 7.0 g 5 104 mm; 9.4 g 92 246,000 
Post-fert. 

1986 18,400 120 mm;16.0 g 63 140 mm;26.0 g 33 167,000 



In review, we have found that the outplants of juvenile sockeye 

and the enrichment of sockeye nursery lakes have been 

beneficial and have produced adult pieces to the fishery. The 

most powerful tool may be the combination of both technologies 

on an intensive basis. However, the key to the success of 

either technology lies in its application to'the proper 

envirorhent and such recognition can only come from a proper 

pre-enhancement study. 

Frazer Lake: An Analos for Sockeve Production at Turner Lake 

In 1985, limnological studies were initiated on Turner Lake 

(Southeast Alaska) to define the existing rearing capacity for 

sockeye salmon juveniles. In particular, they were designed to 

refine the productive capacity equations presented earlier 

given the unique conditions of individual lakes. Turner Lake, 

presently a barriered system, is forecast to have the potential 

to produce 5.2 million smolts and -568,000 adults when numbers 

of rearing juveniles match the ability of the lake to produce 

forage (Table 3). This forecast was based on an extensive 

evaluation of the productive potential of sockeye nursery 

lakes, located throughout Alaska, having euphotic zone depths 

ranging from 1.0 to -23 m. Again, using the euphotic zone 

depth as a guide to fertility, lakes were found to be able to 

support stocking densities of -110,000 spring juveniles/EV 

(either natural or from hatcheries or both) 23,000 smolts/EV of 

minimal (2 g) size, and 2,400-2,500 adults/EV (Koenings and 



Table 3. Physical characteristics and measured sockeye smolt and adult production for 
Tustumena, McDonald, and Frazer Lakes compared to production levels predicted 
for Turner Lake [after the sockeye production model of Koenings and Burkett 
(1987) 1. 

Surf ace Euphotic Smolts Total return 
areq EZD y01ume+~ produced Smolts produced Adults 

Lake fkm 1 f m) fm x 10 1 fmillions) per EV (number per EV 

Tustumena 295 1.2 354 8.10 23,000 653,000 1,850 
(1981-86) (1983-85) . 

McDonald 4.2 8 ' 34 1.19 35,000 121,000 3,500 
(1983-87) (1980-85) 

Frazer 16.6 15 249 -- -- 617,370 2,500 
(1985) 

I .......................................................................................... 
i-' 
t~ Turner 12.6 18 227 5.2 23,000 568,000 2,500 
I (predicted) (predicted) 



Burkett 1987). Thus, instead of using a passive feature 

(surface area) to normalize sockeye carrying capacity between 

lakes, a correction is made of inter-lake differences in 

productive capacity or fertility (Koenings et al. 1986, Lloyd 

et al. 1987). For example, Tustumena (Cook Inlet), McDonald 

(Southeast), and Frazer (Kodiak) Lakes are found to produce 

between -1,900 and 3,500 adults per/EV. These lakes range in 

2 size of between 4.2 and 295 km with euphotic zones ranging 

between 1.2 and 15 m. In contrast, surface area projections of 

2 adult production range between 2,200/h (Tustumena), 

2 29, 000/km2 (McDonald) , and 37,00O/km (Frazer) . Thus instead 

of a c2-fold range (per EV) based on lake fertility, a >17-fold 

2 range (per km ) exists based on surface area. Similar 

comparisons can also be made for smolt production. 

Within the lakes listed in Table 3, Frazer Lake comes closest 

to matching Turner Lake in terms of size, morphometry, 

typology, and previous history: 

Lake 
Feature Frazer Turner 

Mean depth (m) 33.2 30.3 
Surface area (km ) . 16.6 12.6 
Euphotic Volume (units) 249 227 
Water residence time (yrs) 2.0 0.8 
Water clarity Clear Clear 
Outlet Barriered Barriered 



Prior to 1951, Frazer Lake (Kodiak Island) was sockeye free due 

only to an qutlet barrier to adult access. . A series of fish 

ladders provided access for adults produced from egg and fry 

plants that initiated the Frazer sockeye run. 

Informative changes have occurred in the lake concurrent with 

the building of the run (Table 4). As potential spawners 

increased, the smolt sizes dropped, the number of 

macro-zooplankters decreased, and the zooplankton fauna 

changed. The decreases in smolt sizes and zooplankton density 

were expected as a consequence of density-dependent juvenile 

rearing, however, the change in zooplankter species composition 

indicated a change in lake fertility. That is, prior to the 

introduction of adults, Frazer Lake was very oligotrophic with 

a zooplankton population dominated by copepods (cladoceran to 

copepod ratio of 0.06). During this period (1965-70) nutrients 

contributed through carcass decomposition was low (136 kg), 

contributing only 8.2 mg P/m/yr to the lake, and adding only 

3 0.24 mg P/m to phosphorus levels of the lake. However, in 

recent years (1978-86), escapements have supplied 2,050 kg P 

which added 123.5 mg ~ / m ~ / ~ r  to the lake, and contributed 3,6 

mg p/m3 to the phosphorus concentration. Currently in the 

spring, the lake contains 3,000 kg P, a loading of 220 mg 

2 P/m /yr to the lake from all sources, and a spring P level of 

3 5.5 mg P/m . Krokhin (1967) indicated the need for salmon 

carcasses to contribute 1.3 mg p/m3 to lake P concentrations in 

order to stimulate fertility. Quite clearly this level was 
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exceeded in Frazer only after the middle period (Table 4). 

Thus, during the more recent period the lake was annually 

undergoing bioenrichment which increased lake fertility. As a 

result the zooplankton fauna changed from totally excluding 

cladocerans (ratio of 0.06:l) to completely favoring them 

(ratio of 9:l) even though sockeye juveniles prefer to feed on 

cladocerans and tend to avoid the more agile copepods. Thus, 

adult fish provide two elements to nursery lake systems 1) 

potential recruits through successful spawning, and 2) carcass 

derived nutrients which increase lake fertility stimulating 

forage production for feeding sockeye juveniles. 

Forage production is a key element to successful sockeye 

rearing in lakes. However, numbers and timing of seasonal 

abundances need be synchronized to fry entry into the lake. In 

addition, prey size must be greater than 0.40 mm, and forage . 

should be available in the spring when fry enter the limnetic 

arena. In Turner Lake, the zooplankton are of two types, 

namely, the earlier peaking copepod and the latter 

peaking cladocerans; Bosmina, Holo~edium, and Da~hnia. All are 

of a body-size capable of being consumed by sockeye juveniles. 

While densities are not as great as that found for the carcass 

enriched Frazer Lake, the higher range of densities found for 

Turner Lake do exceed the lower densities observed for Frazer 

and exceed the seven year range in densities found for 

Tustumena Lake (Table 5). In addition, the ratio 

(cl2tdoceran:copepod) for Turner (0.34:l) is greater than that 



Table 5. Summary of zooplankton population characteristics in Tustumena, Frazer, and 
Turner Lakes. Shown are the taxa composition ( % ) ,  their ratio, and the range 
in spring and seasonal densities over the years listed. 

. Zooplankton ,. 
Cladocera Copepods A to B Ranse of densitv (~o./m"l__ 

Lake Station (A)  (B) ratio S~rins Seasonal 

Tustumena B 0% 100% 0.0:l A 0 0 
(1980-86) B 26,000-88,000 30,000- 62,000 

Frazer 3 97% 3% 51.0:l A .  11,170-34,502 136,235-178,619 
(1985-86) B 529- 4,843 2,388- 5,308 

Turner 2 26% 74% 0.34:l A 10,422011,335 27,654- 33,995 
(1985-86) B 62,830-97,513 77,882-106,470 



found for the middle period at Frazer (0.17:l) and is greater 

than that. at Tustumena (0:1), but lags behind that of Frazer in 

1985-86 (51: 1) (Table 2) . 

Overall forage production (quality and quantity) in Turner 

vastly exceeds that of Tustumena Lake, and lags behind Frazer 

Lake only in terms of cladoceran production. In terms of total 

macro-zooplankters Frazer Lake and Turner Lake are fairly 

comparable. Moreover, given the comparability of Turner and 

Frazer Lakes, the ability of carcass nutrients to increase the 

fertility of the nursery area of Turner Lake is certainly 

feasible. Without such nutrient input, the lake's natural 

fertility will have to drive forage production. As such, 

stocking densities will have to be closely evaluated to 

ascertain at what point forage production is unable to 

withstand annual increases in sockeye predation. This point 

. may occur at fry densities below 110,'000/N unit. Indeed, 

Koenings and Burkett (1987) suggest that for nursery lakes 

lacking a means for adult access a stocking density of 

54,000-55,00O/EV unit may be more appropriate. Nonetheless, 

from an initial escapement of 6 adults in 1956 (Kyle et al.. 

1987), the sockeye run at Frazer Lake has grown to reach nearly 

500,000 adults in 1980, 1981, and 1982 and to exceed 600,000 

adults in 1985. Such levels of production are consistent with 

the EV of Frazer Lake (Table 3 ) ,  and the modelled production of 

2,400-2,500 adults/N unit. Similar levels of adult 



production/EV unit are expected from Turner Lake especially if 

carcass nutrients can be replaced by additions of fertilizer. 

Finally, we have used these results to establish stocking 

levels, expected smolt production, and adult pieces for a 

variety of lakes in Southeast Alaska (Table 6). Hence, we have 

developed an extremely powerful tool for the resource manager; 

one that can be refined with proper evaluation to further 

sustain and enhance sockeye salmon populations in Alaska. 



Table 6. Lakes in Southeast Alaska and projected sockeye production levels when 
rearing-limited (after Koenings and Burkett 1987). 

1% ~otal' 
light spring ~otall ~ o t a l ~  

Are2 level EV fry smolts adult 
Lake (km 1 ( ml (units) (millions) (millions) pieces 

1 Speel 1.7 -- -- -- -- ?? 
2 Indian 2.2 8 18 2.0 0.4 45,000 . . 

3 Crescent 3.3 9 30 3.3 0.7 75,000 
4 Lower Sweetheart 5.1 10 51 5.6 1.2 128,000 
5 Redoubt 12.8 10 130 14.3 3.0 325,000 
6 Chilkat 10.1 13 131 14.4 3.0 328,000 
7 Turner 12.6 18 227 .24.9 5.2 568,000 

- ----- --- - 

8 Heckman 1.6 7 11 1.2 0.3 28,000 
I 
tu 

9 Old Franks 2.5 5* a 13 1.4 0.3 33 , 000 
o 10 Neck 4.1 4 17 1.9 0.4 43,000 
I 11 Patching 2.1 9 19 2.1 0.4 48,000 

12 Hetta 2.1 15 32 3.5 0.7 80,000 
13 Klawock 11.8 7 82 9.0 1.9 205,000 ....................................................................................... 
14 Woodpecker 0.7 10 7 0.8 0.2 18,000 
15 Bakewell 2.9 6 17 1.9 0.4 43,000 
16 Hugh Smith 3.2 6 20 2.2 0.5 50,000 
17 Badger 2.1 13 27 3.0 0.6 68,000 
18 McDonald 4.2 8 34 3.7 0.8 85,000 
19 Reflection 3.0 15 45 5.0 1.0 113 , 000 
20 Lake Grace 6.1 15 (est) 92 10.1 2.1 230,000 
21 Ella 6.2 15 (est) 93 10.2 2.1 230,000 
22 Manzanita 6.3 15 (est) 95 10.5 2.2 238,000 

fMean depth 
110,000 fry EV units 

2 2 3 , ~ ~ ~  smolt EV units 
500 adult EV units 
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Statewide IHNV Control For Sockeye Programs 

Ted Meyers 
Fi sh Path01 ogy Section, FREDD 

Alaska Department of Fish and Game 

I .  Five Major Objectives 

1. Establish a data base fo r  IHNV in Alaskan sockeye. 

2. Maintain and improve upon the sockeye policy regarding egg takes, '  
incubation and rearing . 

3 .  Yearly monitoring of IHNV prevalence and t i t e r s  in broodstock. 

4.  Rapid diagnosis and containment of IHNV outbreaks within any 
salmonid species a t  production f a c i l i t i e s .  

5. IHNV Research. 

11. IHNV Data Base 

1. 352 ent r ies  encompassing 83 stocks from 1973 t o  present. 

2. Represents over 20,000 virus assays. 

3 .  Data Bas average % prevalence IHNV = 32.3% geometric mean t i t e r  = 5 7.5 x 10 . - 
4 .  All broodstocks have had detection of IHNV. 

5. Prevalences range from 0 - 100% i n  r ipe or post-spawning female 
f i sh .  

6. Identification of high r i sk  sockeye stocks. 

111. Sockeye Policy in Effect - Prophylaxis 

1. IHNV - f ree  water source for  incubation and rearing. 

2 .  Stringent disinfection procedures regarding utensils,  fac i l  i t i e s ,  
f i e ld  clothing, personnel and external surfaces of broodf i sh. 

3 .  Stringent external egg disinfection and water hardening in 
iodophor for  60 minutes a f t e r  f e r t i l i za t ion .  

.' 4 .. As much compartmental ization as possible of egg 1 o t s  and f ry  
during incubation and rearing phases. 



IV. Yearly Monitoring of IHNV in Broodstocks 

1. Routine samples of ovar.ian f lu ids  from 60 .ripe female f i sh  used in 
the egg take. Reflects the amount of virus brought into the 
f a c i l i t i e s .  

2. Prevalence and t i t e r  i s  determined and added to  the data base. 

3 .  Ovarian f luids from post-spawned f i sh  are used t o  establ ish a 
disease history on a new stock. 

V .  Fish Health Service t o  Diagnose IHNV Outbreaks in Fry . 

1. ~epresenta t ive  samples of f ry  are submitted for  a t  l e a s t  t w o  f ive 
f i sh  pools for  each l o t  or incubator of affected fish.  Test may 
take from two t o  f ive  days for  positive cultures t o  appear (longer 
in subcl inical cases). 

2. C l  i nical signs of pre-emergence, hemorrhage, coagul ated yo1 ks,  
cephal i c bumps and/or s i  gni f i cant mortal i t y  are presumptive of 
IHNV. Fish are often destroyed i f  these signs occur to  contain an 
outbreak before virus confirmation i s  completed. 

3 .  Virus confirmation resul t s  in destruction of affected l o t s  i f  not 
destroyed a1 ready. 

VI. Research 

1. Examination of IHNV t i t e r s  and prevalence in selected broodstocks. 

a. Prevalence and t i t e r s  in post-spawned vs r ipe females. 

b. Variations of prevalence and t i t e r s  in female r ipe and post- 
spawned f i sh  throughout the course of the run.  

c. Variations of prevalence and t i t e r s  in female f i sh  from year- 
to-year . 

d .  Variations of prevalence and t i t e r s  in male vs female f i sh-  
the role of males in IHNV transmission. 

e .  Variations of prevalence and t i t e r s  of seminal f lu ids  vs 
organs in male fish. Which sample type to  use for  assays and 
what i s  the significance t o  the egg-take regarding virus 
levels in the hatchery? 

f .  Results may not apply to  a l l  stocks. 

2. Examination of the Enzyme Linked Innunoabsorbent Assay (ELISA) as 
a new method for  more rapid and sensitive detection of IHNV. 
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Biological investigation of Auke Lake sockeye s d n  began in 1961 

and has continued on a mre-or-less annual basis. Before 1973, studies 

focused on adult enumeration, spawning ground surveys and s m l t  migra- 

tion estimates. A limnological investigation of Auke Lake ( H o o p s  1963) 

and a Master's Thesis (Bucaria 1968) on lacustrine grawth of jwenile 

sockeye are exceptions. Much of pre-1973 data lacks continuity and 

analyses are diff icult .  Data for the period 1961 to  1972 has been 

sumarized by Taylor and Bailey (1972). Artificial enhance~rrent st~&es 

were conducted using the 1973 and 1974 broods and m y  (1977) reviewed 

all the sockeye data and -nmnurized the ma+Pri;ll up t o  t h a t  time. This 

report smmarizes the data through the 1986 adult migration. 

Adult sockeye salmon e s c a m t s  to  the Auke Creek system have been 

w t e d  annually since 1963. V t s  during this 24-year period 

have ranged fran 240 t o  16,683 spamers. The man escapement for the 
. . 

1963-77 period is 7,982 spawners, Escapemmnts have been in a decllnlng 

trend since 1977 and mean escapement for the period 1978-86 is 2,573 

spawners (Figure 1). Back calculation by age of sockeye adults 

returning t o  Auke Lake showed the decline of the stock began w i t h  the 

1972-brood and has continued a t  leas t  through the 1978-brood (Figure 2) . 
It was also apparent that  the 1968-brood was nearly a to ta l  loss, but it 

w a s  not noticed in the adult  returns because of the overlapping year 

classes c w n  t o  sockeye. Sex rat ios i n  the escapements have 

fluctuated mderately w i t h  the exception of 1974, when a 3.4 male t o  1 

fenale incidence occurred. Mean sex ra t io  for the 1963-83 period is 1 

male t o  1 female. Fecundity samples were taken i n  scane years t o  

determine the female length-fecundity relationship. Mean f e d t y  for 

Auke Lake sockeye salmn is 3,360 eggs. NO fecundity samples have been 

collected since 1979 because of the declining escapenwts. Available 

data are sumnarized in Table 1. 



Scale collections fran adult sockeye salnvln exist for all years 

fmm 1962 to  1986. Scale analysis has determined that five and six-year 

old adults predanhate in the e s v t s .  It is not uncanmn to  have 

large nmkers of three-, four- and seven-year old sockeye in runs 

at Auke Creek. Evaluation of the performance of a particular brod year 

is canplicated because of the age canbinations of mlts and adults. 

The age classes of sockeye observed a t  Auke Lake, using the 1976 brood 

as an exanple, is presented in Table 2. Appmxbately 50 percent of the 

returning females and 40 percent of the re tun ing  males are six years 

old (age 2.3, where the d ig i t  to  the left of the period is the ncrmber of 

winters spent in freshwater and the d ig i t  t o  the right is the  number of 

winters spent in the ocean), Spawners of ages 1-3 and 2-2 occur i n  

significant n h s .  A sumnaq of the age structure of the escapemnts 

of Auke Lake sockeye is presented in Figure 3. 

Spawning grwnd surveys have sham that the  la te ra l  -ies t o  - 
Auke Lake are utilized by sockeye. Lake Creek, the main l a te ra l  tribu- 

tary, and the other d t r ibutaries annually received about onehalf  

of the to ta l  spawning escaperent. It was assumed that the remaining 

one-half of the escapement utilized beach spawning areas w i t h i n  the lake 

b i n ,  particularly the northern shores and the Lake Creek del ta  

(Bucaria, 1968). 

Sockeye fry recruitment estimates f r m  the la tera l  t r ibutaries are 

limited t o  Lake Creek for the years 1963, 1964, 1973 and 1974. Migrat- 

ing fry were captured in fyke nets and enumerated in each of these 

years. The est imted r e c r u i m t  in 1963 and 1964 was 134,666 and 

118,129 fry, ~ s p e c t i v e l y .  Recruitmnt f r m  we Creek in 1973 and 1974 

amunted to only a few hundred f r y  each year (Dewey, unpublished f ie ld  

notes). This variability in fry production can be attributed primarily 

to the unstable nature of Lake Creek dwing f a l l  freshets w i t h  the 

resultant loss of seeded eggs, plus the dessicatim of the streambed 

during winter law streamflm periods. 



The v a r i a b i l i t y  and r e l a t i v e l y  low numbers of sockeye fry recruited 

annually f r a n  Lake Creek suggest that other s i g n i f i c a n t  recruitment 

sources &st w i t h i n  the Auke Lake system. I believe it is reasonable 

to as- that in s- years scckeye fry recruimt strength is depen- 
dent  on fry production fran beach spawning areas w i t h i n  the basin. No 

data are ava i lab le  to  support this hypothesis. 

Fran the above, it is apparent that @val firan potential egg 

d e p s i t i o n  (PED) t o  recruited f q  for Auke Lake sockeye cannot be 

estimated fran available data, Review of the li-ature muld suggest 

t h a t  &val from PED to recruited f r y  of 11.25 percent is reasonable 

(Krokhin and -us, 1937; Foerster ,  1938; Johnson, 1961; Foers ter ,  

1968) . This value has been used to  calculate fry recxuitrnent for Auke 

Lake sockeye (Table 1) . 

SMOLT PRODUCTION 

Acceptance of the estimated sumival frcmn PED-*fry pennits 

addi t ional  survival estimates f o r  the frv-to-mlt and PED-to-smolt life 

stanzas. Again, data are limited and survival estimates to t h e  mlt 

stage w i l l  be l imited t o  the 1972, 1973, 1978 through 1984 years,  

Accurate smlt migration estimates exist f o r  1964, 1975, 1976 and 1980 

through 1986 (Table 4, Figure 4) . Scale  collections frcm Auke Lake 

sockeye mlts exist f o r  t h e  years 1964 and 1974 through 1986. 

Survival  £ran PEE-to-molt and fry-to-molt in Auke Lake is con- 

siderably less than reported f o r  B r i t i s h  Colwlbia and western Alaska 

sockeye systems (Foerster ,  1968) . PED-to-molt survival f o r  Auke Lake 

is 0.03 t o  0.3 percent a s  canpared t o  the 1.5 t o  3.0 percent for t h e  

Canadian and western Alaska stocks. Similarly,  fry-to-molt survival  in 

Auke Lake va r i e s  between 0.1 and 3.1 percent as c w e d  t o  t h e  20 

percent f o r  the Canadian and western Alaska stocks. 



The productian of mlts per feinale spawner has been estimated far 

the 1972 and 1973 and 1978 through 1984-brood years (Figure 5). The 

number of smlts produced per female spawner has ranged fran 0.3 mlts 

for the 1979-brood to 31 smlts for the 1984-brad which includes only 

age I mlts that migrated in 1986. The estimate for the 1984-hmod 

will increase when age I1 and I11 -1ts migrate in 1987' and 1988. The 

pmductiqn of 30 mlts per fexnale spawner represents approximately 1% 

sumival .fran -a1 egg depsition to -1t. 

The m e  d v a l  of Auke Lake sockeye has been difficult to 

estimate because of i n c q l e t e  counts of smlts in sans years. Esti- 

mates for the 1972 and 1973 and 1977-79-brood years have ranged fran 6.2 

to 19.5% (Figure 6). Continued operation of the Auke Creek weir w i l l  

pennit accurate estimates to be made for future broods. 

S t u d i e s  at Auke Creek hatchery were conducted in the mid-1970' s to 

enhance the runs of adult sockeye. These studies involved the 1973 and 

1974 broods of Auke Lake sockeye and resulted in the release of 60,000 

1973 hrood and 54,000 1974 brood f r y  into Auke Lake. These fish contri- 

buted to m l t  migrations in 1975 through 1978 and to adult migrations 

in 1976 through 1981. The enhancement studies were not fu l ly  evaluated, 

canplicating the estimation of marine survivals for several brood years. 

The decline of the Auke Lake -sockeye run prcknpted the beginning of 

the present enhancement program. This program is intended to boost the 

return of endemic stock sockeye s&n to Auke Lake to about 5,000 fish. 

This would permit sufficient numbers of spawners into the system in 

order to evaluate spawning success in the lateral tributaries to Auke 

Lake. The enhancement program began w i t h  a year-long water quality 

study to assess the sockeye rearing capabilities of Auke Lake. Begin- 

ning with the 1986-brood, sockeye eggs w i l l  be incubated and the fry 



reared a t  Auke Creek hatchery. The f r y  w i l l  be marked by feeding a d i e t  

containing axytetracycline (OE) before their release in Auke Lake in 

l a t e  spring. Small numbers of migrating sllolts w i l l  be s q l e d  for OrC 

marks beginning in 1988. 

POSSIBLE CAUSES OF DElxI lm 

The escapement of sockeye adults in 1986 was the second lowest ever 

observed a t  Auke Creek - only the 1985 escapement had fewer fish. In 

addition t o  the lm adult numbers, the m m h r  of 91131- has been in an 

apparent decline since the early 1970's. There are many hypotheses as  

t o  what h a m ,  ar is happening, and scllle of these are presented here 

in an attempt to  resolve satre questions. 

1) m e  effects  of caunercial and sport fishing. 

It is not l ikely that the Auke Lake sockeye have been affected by 

, carmercial or sport fishing, me Auke Lake sockeye usually appear in 

Auke Bay in l a t e  May or  early June - w e l l  before the ccarmercial sockeye 

fishery begins, 'Ihe sprk fiSgly in the early and middle 1970's 

remved 2,000 t o  3,500 fish annually £ran the adult escapement. Sport  

fishing was restricted in 1976 and has been closed canpletely since 

1980. The sport harvest of sockeye may have seriously reduced the 

reproductive potential of this stock, but there are no data t o  support 

t h i s  hypothesis. 

2) Alteration of spawning habitat. 

There has been an increase in the number of private h m s  on the 

north side of Auke Lake - near Lake Creek and the smaller t r ibutaries 

used by sockeye - and d a e s t i c  water demands may have affected water 

flows in sockeye spawning areas. Removal of gravel frm s-ged 

beaches on the Lake Creek delta m y  have disrupted w a t e r  flows in that 

area and eliminated important spawning beds. There are no data t o  



dcament water f l w  changes in the aquifer on the north side of Auke 

Lake, but the r d  of gravel fram the Lake Creek delta has been 

observed. 

3) Limnolcgical changes in Auke Lake. 

There are approximately 50 residences m the north side of Auke 

Lake. Effluent water fran d a ~ s t i c  usage currently enters the Auke Lake 

system thmugh drain f ields or as untreated waste water .  Waste water 

fran the University of Alaska Auke Lake campus was disdmrged into Auke 

Lake before the caple t ion of a l d  semge systgm. It is possible 

that the ccmbined waste hmter effluents caused a subtle change in the 

water chemistry of Auke Lake and disrupted the food supply of sockeye 

salmn juveniles. The 1985-86 water c h d s t r y  data frcm Auke Lake 

should be canpared w i t h  sanples co11eed in the 1960's. 

4) Mortalities associated w i t h  mrk in the 1970's. 

The work conducted on Auke Lake sockeye by Auke Bay Laboratory 

biologists in 1975 through 1979 has been directly blamed for the decline 

of the Auke Lake sockeye. There is no doubt that unacceptable rrprtali- 

t i e s  of sockeye mlts did occur in scnre years at  the lake-outlet smolt 

-traps. H-, I have reviewed all available data and have concluded 

that: 1) the sockeye runs were in a declining mde before the work 

began, 2 )  there was good marine survival of the mlts released during 

those years, and 3) the declining trend on Auke Lake sockeye continued 

af ter  the return of adults resulting f r m  downstream mlt migratians in 

1975 through 1979. The declining trend is apparent i f  the 1973 brood 

sockeye are used for an example: 1) approxhte ly  44,000 1973-brood 

mlts migrated downstream as age 1, 2 and 3 f ish  in 1975, 1976 and 

1977, respectively, 2 )  these smlts experienced a 14% marine survival 

and 6,353 adults returned t o  Auke Lake, 3) these 6,353 adults produced 

fewer than 3,000 mlts, rmst of which l e f t  Auke Lake in 1980 a t  age 2. 

5) Other causes. 



Several other hypotheses have been suggested for the decline of the 

Auke Lake sockeye. These hypotheses include: 1) successive years of 

naturally occurring law egg-to-fry survival in Lake Creek, 2) superim- 

position of pink salmDn eggs in Lake Creek and 3) disease related 

mortalities, such as IHN virus. 

PRESENT AUKE LAKE SOCKEYE SITUATION 

The escapement of sockeye adults in 1986 was the second l m s t  

nunher ever abserved at Auke Creek - d y  in 1985 were there fewer fish- 

For mst years, snolt counts are not available and marine sumivals 

cannot be estimated, Based on -lions in the late 1970's and exact 

annual smlt counts since 1980, it appears that the w o n  of snolts 

in Auke Lake has been in a decline since 1972. I believe the production 

of Auke Lake sockeye has been in a declining trend since the 1972 brood 

spawned, but because of the seven-year life cycle of sockeye, the 

decline was not apparent until the early 1980's. The release of hatch- 

ery-reared sockeye into Auke Lake in 1974 and 1975 supplemented the 

natural production of mlts and masked the decline of the wild sockeye 

until the last hatchery fish returned as adults in 1981. The escape- 

nwts in 1977 through 1981 would have been smaller if not for the 

enhancement studies using the 1973 and 1974 broods. 

The continued, annual operation of Auke Creek weir is essential to 

evaluation of wild stock production and enhancement projects. The 

annual enumeration of mlt and adult sockeye salmn is the only methcd 

of obtaining meaningful freshwater and marine survivals. 

MANAGEMENT CONSIDERATIONS 

In 1977 'the existing spawner-aolt relationships for A u k  Lake 

sockeye salmn were analyzed and an escapement of 7,500 to 9,000 spawn- 

ers were justified (Dewey, unpublished field notes). Setting an adult 

escapement goal that will maximize m l t  prcductian and adult returns 

remains an issue, Past estimates of an adequate escapement, 5,000 to 

7,000 spawners, m e  decided principally by spemlation. A more precise 



methcd is needed and should be addressed using the Auke Lake data. I 

agree with the estimates presented by Dewey (1977) with the clarifica- 

tion that the escapment be based on the n m h r  of females. Based on 

the available Auke Lake data, an escapement of 3,500 to 5,000 females 

should produce 70,000 to 100,000 mlts. '&suming m i n e  survivals on 

the order of lo%, the escapements should average 7,000 to 10,000 sock- 

eye. However, if there has been a change or disruption in the basic 

productivity or Auke Lake, as it relates to sockeye, this issue should 

be addressed before initiating efforts to enhance the Auke Lake sockeye 

--P==-- 



Table 1. Auke Lake sockeye data summary for the brood years 1963 through 1983. Potential egg deposition (PED) is the 
product of mean fecundity qnd number of females. Fry estimates were based on potential egg deposition to fry 
suruival of 11.25%. 'A return/spawner number less than one indicates poor production of a brood and the 
smolt/female ratio is an indication of survival in Auke Lake. 

Total Survivals in Percent Total Return Smolt/ 
Brood Escape- Number P.E.D. Fry Total PED to Fry to Smolt to PED to Returning Per Female 
Year ment Females (millions) (millions) Smolts Smolt Smolt Adult Adult Brood Spawner Spawner 



Table 2. Life cycle and ages of sockeye salnran at Auke Lake (1976 b r c d  used 
as example) . Ages are presented as the nuaher of freshwater annul i  
to the left of the period and ocean annuli to the r igh t .  

slmlt Age A t  
Age Adult Age Maturity 

1976 Spawning and incubation 

1977 Fry begin lake residence 

1978 Smlt migration 1.0 

1979 Sanolt mig. and adult return 2.0 1.1 

1980 Smlt mig. and adult return 3.0 1.2 

1981 Smelt mig. and adult return 4.0 1.3 

1982 Adult return - 

1983 Adult return 



Table 3. Age class distribution of Auke Lake sockeye salmon in 1963- 
1977 spawning escapercr=nts. 

Age Class sex . Mean (%I S.D. (%) Range 

1 .1  Males 
Feinales 

1 .2  Males 
Feinales 

1.3 Males 
F d e s  

2-1 Males 
Females 

2.2 Males 
F d e s  

2.3 Males 
Females 

2.4 Males 
Fenales 

3.1 Males 
Females 

3.2 Males 
Femdles 

3 .3  Males 
Females 



Table 4. Counts of scckeye sdlmrm mlts at W e  Creek, 1961 to 1984. 
A l l  counts before 1980 should be considered incanplete 
estimates. 

Number of 
Year sml+c 

1961 90,000 
1962 - 
1963 29,052 
1964 62,389 
1965 
1966 
1967 - 
1968 35,737 
1969 24,947 
1970 - 
1971 - 
1972 3,388 
1973 
1974 15,399 
1975 69,371 
1976 51,972 
1977 9,327 
1978 7,855 
1979 
1980 25,299 
1981 9,183 
1982 1,719 
1983 3,181 
1984 20,248 
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ESCAPEMENTS AUKE CREEK 

Figure 1. Escapmnts of sockeye s a h n  at Auke Creek, 1963 to 1986. 



BROOD YEAR PRODUCTION 
OF SOCKEYE AUKE LAKE 

 rood Year 

Figure 2. T o t a l  production of Auke Lake sockeye salmon for a particular 
brood year, 1963-1978. 



- AGE OF SOCKEYE . . SALMON ADULTS, 
# 50 - 1 1963-1986 

1.1 1.2 1.3 2.1 2.2 2.3 3.1 3.2 3.3 

Age Class 

Figure 3. Mean age c a p s i t i o n  of Auke Lake sockeye salmon, 1963-' 

expressed as percent frequency of occurrence. 



Figure 4. Sockeye s-n smlt production at Auke Creek, 1961-86- 
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Estimations before 1980 are £ran fyke net  operations, wfiile 

SOCKEYE SMOLT 
PRODUCTION 
AT -AUKE LAKE 

those f r a n  1980 are total counts as determined at Auke Creek 

weir. 



3LPRODUCTION OF SMOLTS 

2 8 
I PER FEMALE SPAWNER 

72 73 74 7 5  76 . 7 7  78 79 80 81 82 83 84 
Brood Year 

Figure 5. Total production of sockeye mlts produced by a particular 

brood year's spawning. (Eqressed in number of mlts 

produced per female spawner). 



MARINE SURVIVAL OF SOCKEYE 
SALMON, AUKE CREEK 

72 73 74 7 5  76 77 78 79  
Brood Year 

Figure 6. Marine survival of sockeye s a h m  at Auke Creek,where return- 

ing adults have been assigned to their brood year and divided 

by the total number of mol t s  produced by that brood. 
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SUMMARY OF S.E. ALASKA F.R.E.D. DIVISION SOCKEYE SALMON 
REHAB1 LITATION AND ENHANCEMENT PROJECTS 

Mike Haddix 
A1 aska Department o f  F ish and Game 

F.R.E.D. D i v i s i on  
Ketchikan, Alaska 

Hugh Smith Lake: 

The Hugh Smith Lake f e r t i l i z a t i o n  study began as a cooperat ive p r o j e c t  w i t h  
F.R.E.D. D iv is ion,  the U.S. Forest Service, and Southern Southeast Regional 
Aquacul t u r e  Associ a t i  on i n  1979. P r e - f e r t i l  i z a t i o n  s tud i  es were conducted 
i n  1979 and p a r t  o f  1980. The f e r t i l i z a t i o n  phase began i n  1980 and con- 
t inued through 1983 w i t h  appl i c a t i o n  dur ing May through September each year. 
P o s t - f e r t i l  i z a t i o n  studies continued i n  1984 and 1985. De ta i led  1 imnologi  - 
cal  and f i s h e r i e s  studies t o  def ine t r oph i c  l e v e l  changes as a r e s u l t  o f  
f e r t  i 1 i zer appl i ca t  i on were conducted, as out1 i ned i n  FREDD 1 ake f e r t  i 1 i za- 
t i  on p ro j ec t  gu i  del  i nes. 

Findings based on data co l lec ted  dur ing the 1979 through 1985 study per iod 
showed d e f i n i t e  increases i n  pr imary  and secondary product ion and forage 
ava i lab le  f o r  r ea r i ng  sockeye salmon. Even though increases i n  forage 
occurred, no increases i n  sockeye salmon smol t product ion were observed. 
t h a t  is ,  s i ze  o f  smolt, growth rates, age composition, and su rv i va l  o f  f r y  
t o  smol t  d i d  no t  change dur ing the study period. 

These parameters, i n  fac t ,  remained r e l a t i v e l y  constant over a wide ( s i x -  
f o l d )  v a r i a t i o n  i n  dens i ty  o f  rea r ing  sockeye juveni les.  

This non-response o f  rea r ing  f i s h  t o  increases i n  food a v a i l a b i l i t y ,  a 
response t o  f e r t i l  i za t ion,  and s i g n i f i c a n t  va r ia t ions  i n  r ea r i ng  dens i t i es  
lead t o  the c l a s s i f i c a t i o n  of Hugh Smith as a "densi ty  independent" lake. 
I n  fac t ,  f u r t h e r  studies revealed t h a t  temperature i s  1 i m i  t i n g  (B.2.a. 
lake). For some unknown reason, sockeye salmon f r y  a t  Hugh Smith Lake 
behavioral l y  key t o  a p a r t i c u l  a r  temperature i sopleth throughout the  year. 
This causes a l i m i t a t i o n  o f  f r y  growth ra tes  and subsequent smol t  s i ze  
independent o f  f r y  dens i ty  and/or forage avai 1 abi 1 i ty.  Thus, f e r t i  1 i z a t i  on 
of Hugh Smith Lake, which funct ions as a dens i ty  independent system, was not  
benef i c i  a1 f o r  enhancing sockeye sal mon production. 

Studies are cont inuing a t  Hugh Smith Lake t o  determine the  f e a s i b i l i t y  o f  
enhancing sockeye salmon production v i a  in t roduc t ions  o f  hatchery incubated 
f r y .  Observed adu l t  escapements have no t  provided adequate rec ru i tmen t  t o  
f u l l y  u t i l i z e  Hugh Smith's rea r ing  habi tat .  These low escapements are due 
t o  continued h igh harvest l e ve l s  o f  these stocks i n  e x i s t i n g  commercial 
f i sher ies .  Plants o f  278,000 and 225,000 f r y  were made i n  1986 and 1987, 
respect ively.  These f r y  were from eggs taken from Hugh Smith Lake and 
incubated a t  FRED Div is ion 's Beaver Fa1 1 s Hatchery i n  Ketchi  kan. 



McDonald Lake: 

The McDonald Lake f e r t i l i za t ion  study began as a cooperative project with 
FRED Di vi s i  on, the U.S. Forest Service, and Southern Southeast Regional 
Aquaculture Association. Pre-fer t i l  ization studies began in 1980 and con- 
tinued u n t i l  1982 when f e r t i l i z e r  application began. Fer t i l iza t ion  has 
continued through 1986 and i s  planned for  1987. 

Detailed 1 imnological and f i sher ies  studies a t  McDonald Lake have shown 
def i ni t e  increases in primary product1 on and 1 i mi ted increases in secondary 
production. No signif icant  observed changes have occurred in sockeye salmon 
fry growth rates ,  smolt sizes,  or age composition until  1986 when growth 
ra te  increased and mean s ize  of 1986 smolt was larger  than previous years. 

Total production has been a t  a very high level. Rearing densi t ies  have been 
very high with to ta l  numbers of outmigrant smolts ranging from 1 t o  3 
mill ion. Since survival t o  smol t has remained re la t ive ly  high during the 
f ive  years of f e r t i l i za t ion ,  and smolt s ize increased in 1987 with increased 
f e r t i l i z e r  additions in 1986, i t  can be speculated tha t  f i sh  production i s  
being a r t i f i c i a l l y  maintained a t  an elevated level. I t  can also be argued 
tha t  other environmental factors  are a t  play; we have no unequivocal data. 
Nevertheless, adult production based on escapement into the 1 ake averaged 
80,000 during eight years for  which data were available pr ior  t o  f e r t i l i z a -  
tion. The f i r s t  year. for  returns tha t  received ' f u l l  benefit of f e r t i l  iza- 
t ion was 1986 when 20,000 adults escaped t o  the lake. To the best of our 
know1 edge, commerci a1 f i sher ies  exploitation of this stock has remained 
constant. Further, our data show an asynchrony between maximums of 
zooplankton standing crops ( f a l l )  and mid-May fry emergence tha t  i s  being 
brought t o  coincidence by nutrient enrichment. 

Present plans cal l  for  continuation of f e r t i l i z e r  application and monitoring 
production a t  a l l  trophic levels. Coded wire tagging of McDonald lake 
sockeye salmon smol ts has identified the stock as a s ignif icant  contibutor 
t o  the Dis t r ic t  106 g i l lne t  fishery. Due to  the importance of the lake in 
producing f i sh  for  existing f isheries ,  and some evidence tha t  f e r t i l  ization 
i s  maintaining a s table  production a t  a high level,  f e r t i l i z a t i o n  should be 
continued. This continuation should depend upon available funding levels  
and future evaluation of production from the system. 

Badger Lake Sockeye Salmon Fry Plantinq Project: 

Badger Lake i s  the upper lake in the Bakewell Lake drainage. As part of a 
program to  more rapidly develop a sockeye salmon r u n  back t o  tbe system 
a f t e r  reconstruction of the Bakewell Creek fishway, f ry  plants were 
in i t ia ted  a t  Badger Lake. 

Studies were in i t ia ted  in 1984 t o  define the potential of Badger Lake as 
rearing habitat  for  juvenile sockeye salmon. The lake was planted w i t h  
556,000 sockeye salmon fry in June of 1985, and 515,000 in June of 1986. 
These f i sh  were from eggs taken from Hugh Smith Lake and incubated a t  the 
FRED Division Beaver Falls Hatchery. The i n i t i a l  plants had an excellent 
survival t o  smolts (25%) and grew nicely (mean smolt s ize  of 80 mm).  



The projected returns from these initial plants are 20,589 adults during 
the period 1988 through 1989. 

Northern Southeast Area: 

The' inclusion of the northern Southeast area into the 1 ake enrichment pro- 
gram occurred in 1980 - 1981 with the implementation of a lake enrichment 
feasibility study at six sockeye salmon nursery lakes in this area. The 
results of this study indicated that Falls and Redoubt Lakes were the best 
candidates for inclusion into the program. 

Detailed pre-enrichment studies were initiated at Falls and Redoubt lakes in 
1981 and 1982, respectively. Each lake was investigated for two years prior 
to fertilizer application in order to document the existing fish production 
(i n-1 ake rearing fry, smol t, and adul ts) and 1 i mnol ogi cal (physical , chemi - 
cal , and primary and secondary bi 01 ogi cal production) characteristics. 

Falls Lake: 

Ferti 1 izer appl ications were initiated during 1983' and continued through 
1985. Fertilizer was applied at varying rates and intervals between May and 
September of each year. 

The fert i 1 i zer appl ications increased phytopl ankton production. This coin- 
cided in 1983 and 1984 with increased densities in the zooplankton communi - 
ty. During 1985, the zooplankton densities remained at the relatively low 
pre-fertilization level throughout the fertilizer application period even 
though 1985 phytoplankton levels were the highest for each ofthe three 
years of ferti 1 izati on. 

A1 though the age composition and total smol t emigration numbers remained 
relatively stable, the data indicate that there was a significant increase 
in smolt size (length) between the pre-fertil ization years and the fertil i - 
zation years. Since smolt size has been identified as having a direct 
affect on adult marine survival, we can, therefore, surmise that this 
increase in size will have a positive affect on adults. Since the adult 
sockeye salmon returning to Falls Lake are predominately 5 and 6 year old 
fish (82%), the adults produced from the 1982 brood (the first brood 
affected by the fertilizer applications) should begin returning to the lake 
in significant numbers during 1987 and 1988. The majority of adult fish 
produced (as smolts) during the fertilization years will return to the lake 
from 1987 until 1992. 

The original plan for the Falls Lake project stated the intention to con- 
tinue monitoring this lake after the cessation of fertilizer application. 
However, the current budget cl imate within the FRED Division forced the 
shut-down of this project. Interest remains in continuing the support of 
the efforts of the U.S. Forest Service to monitor the adult escapement to 
Falls Lake relative to the evaluation of its fish ladder project at this 
site. The information generated from this monitoring would also be useful 
in evaluating the adult production resulting fromthe fertil izer appl ications 
made during 1983 - 1985. 



Redoubt Lake: 

Fert i l  i zer  appl ications were in i t ia ted  during 1984 and are  projected t o  
continue through two 1 i f e  history cycles (1998) fo r  the sockeye salmon a t  
t h i s  project s i te .  Fe r t i l i ze r  has been applied t o  the lake a t  various 
1 ocations, appl ication rates,  and interval s between May and September during 
1984 through 1986. 

The Phytoplankton data for  1984 and 1985 show an increase f o r  a l l  sampling 
s i tes .  Thi s increase coincided w i t h  an increase in observed zoopl an kton 
densit ies.  Sample and data analyses fo r  1986 are s t i l l  underway. 

Quanti ta t ive smolt sampling was included in t h i s  project since i t s  i n i t i -  
ation in 1982. Due to  the configuration of the lake out le t  and the 
discharge levels  from the lake, numerous smolt capture methods have been. 
attempted to  generate an estimate of to ta l  smolt emigration. A l l  of these 
methods have proven unsuccessful in generating a quantitative estimate of 
the total  smol t emigration from the system. The most aggressive approach t o  
date will  occur i n  1987. Should t h i s  e f for t  f a i l ,  we wil l  t u r n  t o  hydro- 
acoustic estimates and forget about smolt fences. 

Age and s ize  of smolts observed since 1982 indicate no spec i f ic  trends i n  
changes t o  age composition, but a s ignif icant  increase was observed i n  smolt 
s ize  (length) between the pre- fer t i l iza t ion  and f e r t i l i z a t i o n  treatment 
years. This increase i n  smol t s ize  can be d i rec t ly  correlated t o  an 
increase in marine survival rates,  thereby increasing the number of adults 
expected to  return. 

The adult sockeye salmon produced from t h i s  system are predominately 5 and 6 
year old f ish (88%). Therefore, the adults produced from the 1983 brood 
year ( f i r s t  brood affected by f e r t i l  izer  appl ication) should begin returning 
t o  the lake in s ignif icant  numbers during 1988 and 1989. Relative t o  the 
completed f e r t i l  i zer  appl ications, adults effected by the f e r t i l  i zer  appl i - 
cation will  be returning to  t h i s  lake until  1992. 

Using the f i sher ies  and limnology data base generated from t h i s  project, 
Redoubt Lake can be categorized as a density independent system due t o  the 
small forage food base and underutil ized rearing habitat. T h i s  lake has the 
potential t o  benefit from the continuation of the f e r t i l i z a t i o n  program and 
from a r t i f i c i a l  plants of sockeye salmon fry. Continuation of the project 
i s  strongly linked t o  delivery of hatchery f ry  t o  the system. Otherwise, 
there simply will  not be suff ic ient  numbers of salmon f ry  present i n  the 
lake to  take advantage of the additional forage produced from enrichment. 
The current plans for  th i s  project are to  -continue applying f e r t i l i z e r  t o  
the lake and t o  i n i t i a t e  a f ry stocking project as Soon as possible. 



NSRAA's Sockeye Program 
Bruce Bachen 

A p r l l  17, 1987 

Nor thern Southeast Regional Aquacu l tu re  Assoc ia t i on  (NSRAA) i s  p l a c i n g  a 
h i gh  p r i o r i t y  on t h e  p roduc t i on  o f  sockeye salmon p a r t i c u l a r l y  . i n  g i l l  
ne t  areas. Sockeye enhancement a c t i v i t i e s  have been l i m i t e d  t o  techno logy  
development o f  remote i n c u b a t i o n  techniques and pre-enhancement s tudy  o f  
p o t e n t i a l  s i t e s .  Nor thern  Southeast i s  c u r r e n t l y  i ncuba t i on -1  i m i  t t d  
s i nce  ther t .  a re  no sockeye f a c i l i t i e s .  i n  t h i s  area t o  suppor t  sockeye 
p r o j e c t s .  

Wi th  t h i s  l i m i t a t i o n  i n  mind, NSRAA has been deve lop ing  two types  o f  on- 
s i t e  incuba to rs .  

1)  I n - l a k e  incuba to rs .  The p r imary  c o n s i d e r a t i o n s  i n  des ign ing  t h i s  
t ype  o f  i n c u b a t o r  a re :  a)  keep egg d e n s i t y  low t o  a l l o w  pass i ve  
d i f f u s i o n  t o  t ake  ca re  o f  oxygen and ammonia t r a n s p o r t ;  b )  compart-  
menzal ize eggs so t h a t  i f  fungus i s  es tab l i shed ,  i t s  impact  w i l l  
be l i m i t e d  t o  t h e  few eggs t h a t  a r e  i n  d i r e c t  con tac t ;  c )  o n - s i t e  
i n c u b a t i o n  may lower  t h e  r i s k  o f  spreading IHN;  d )  t h i s  t ype  of 
i n c u b a t i o n  may be s u i t a b l e  f o r  s m a l l e r  l a kes  and a1 low a l a r g e r  
number o f  p r o j e c t s  t o  be i n i t i a t e d .  Resu l t s  t o  da te  a re  encouraging 
w i t h  s u r v i v a l  from green egg t o  a l e v i n  t y p i c a l l y  i n  excess o f  90%. 
Ne a r t  compl e t l  ng t h e  second year  o f  t t s t l  ng and, concen t ra t1  rig on 
s e l e c t i n g  a  des ign  t h k t  can be produced q u i c k l y  and inexpens ive ly . -  

2 )  I ncuba t i on  boxes. W t  have developed a des ign f o r  remote, una t t end td  
incubation boxes us i ng  groundwater suppl i e s .  Each 4 ' x 8 '  x2 '  ( d t ep )  
box w i l l  h o l d  a t  l e a s t  200,000 eggs. So f a r  h l l  development has 
been done w i t h  chum, b u t  r e s u l t s  shou ld  be a p p l i c a b l e  t o  l a t e  
spawnlng sockeye s tocks  t h a t  a re  adapted t o  groundwater. 

Prt-enhancement s t u d i e s  a r t  necessary t o  document p o t e n t l a l  o f  l a k e s  t o  
product  sockeye. We worked on T u r n t r  Lake i n  1985, focussing on k v d l u d t l o n  
o f  f ~ s h  p o p u l a t ~ o n s  and e v a l u a t l n g  t h e  p o t t n t i a l  c o n f l ~ c t s  t h a t  m l g h t  
occur between r e s i d e n t  t r o u t  and l n t r oducea  sockeye. ADF&G i s  c u r r e n t l y  
p repar ing  a r t p o r t  i d e n t l  f y i n g  p r e f e r r e d  o p t i o n s  f o r  us i ng  Turner  l a k e  
f o r  sockeye p r o d u c t i o n  and NSRAA r tma lns  a  s t r o n g  sup.porter o f  t h e  p r o j e c t .  

A cooperative sockeye s tudy i s  be ing  i n i t i a t e d  f o r  Mosqui to ,  C h i l k a t  and 
C h i l k o o t  l akes  i n  !.lay 1987. ADF&G (FRED & COIIFISH) and NSRAA a rk  pay ing 
f o r  t h e  work. NSRAA 1s i n t e r e s t e d  i n  i d e n t i f y i n g  t h e  maximum production 
c a p a c i t y  o f  t h e  lakes  and seeing t h e  l akes  produce a t  t h a t  l e v e l .  

Dur ing t h e  nex t  f i e l d  season, NSRAA w i  11 be i d e n t i f y i n g  p o t e n t i a l  sockeye 
p r o j e c t s  f o r  rev lew and approval  by i t s  board o f  d i r e c t o r s  n e x t  w i n t e r .  
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I n t r o d u c t i o n  

The Southern Southeast  Regional Aquaculture Associat ion 
(SSR A A )  h a s  been involved i n  sockeye salmon enhancement s i n c e  
1979. The i n i t i a l  e f f o r t s  w e r e  focused on lake  f e r t i l i z a t i o n  i n  
a cooperat ive approach with t h e  Alaska Department of F ish  and 
Game ( A D F h G ) .  However, a f t e r  seve ra l  yea r s  e f f o r t  t h e  p ro jec t  
was discont inued i n  1965 because t h e  r e s u l t s  d id  not  show t h e  
project  t o  be cos t  effective. A D F & G  turned  t h e i r  a t t e n t i o n  t o  
lake p lan t ing  of f r y  which had been successfu l  in  sou th  c e n t r a l  
Alaska. SSRAA turned t h e i r  a t t e n t i o n  t o  a more t r a d i t i o n a l  
hatchery approach. 

Hatchery rear ing  of sockeye is not  new. The e a r l i e s t  salmon 
ha tcher ies  in  Alaska dur ing  t h e  l a t e  1890's were sockeye 
hatcheries .  For va r ious  reasons,  near ly  al l  sockeye ha tche r i e s  
on t h e  west coast  had closed by t h e  late 1930's. Modern ha tchery  
techniques and improved pelleted feeds allowed hatchery r e a r i n g  
of Pac i f ic  salmon t o  become success fu l  by t h e  mid-1960's. These 
developments a r e  t h e  b a s i s  f o r  t h e  ha tchery  rear ing  of salmon 
today - except sockeye. 

T h e  primary l imi ta t ion  t o  sockeye rear ing  is due t o  a v i r u s  
which is car r ied  in  nearly a l l  a d u l t  sockeye populat ions.  Th i s  
v i r u s  causes a disease called In fec t ious  Hematopoietic Necrosis 
( I H N )  and,  when it occurs ,  mor ta l i ty  can exceed 90%. The r i s k  of 
I H N  is extremely high unless  c e r t a i n  precaut ions  are taken. 

The cur ren t  s c i e n t i f i c  evidence ind ica tes  t h a t  t h e  T H N  v i r u s  
is shed by spawning a d u l t s  and t h i s  v i r u s  can s u r v i v e  f o r  many 
months i n  cool water. The v i r u s  which is i n  t h e  water can in fec t  
suscep t ib le  fry causing disease  i f  t h e  exposure is high 
(hor izon ta l  t ransmiss ion) .  A-lso, eggs may be contaminated from 
a d u l t s  shedding t h e  v i r u s .  Eggs which have high exposure t o  t h e  
v i r u s  may r e s u l t  i n  infected f r y  when they ha tch  ( v e r t i c a l  
t ransmiss ion) .  However, if  t h e  v i r u s  can be removed from t h e  
eggs and i f  no v i r u s  is i n  t h e  water, sockeye can be reared 
successfu l ly  us ing  normal ha tchery  techniques.  This  h a s  been 
done experimentally on a number of occasions and t h e  p r a c t i c e  is 
now being extensively used on t h e  P a c i f i c  coas t .  

The key t o  successful  r ea r ing  of sockeye, then, is t o  avoid 
contac t  of t h e  f r y  w i t h  t h e  I H N  v i r u s .  This  is accomplished i n  
several  ways. The most important  is t o  have a water supply  t h a t  



does n o t  contain sockeye salmon, o r  any o ther  f i s h ,  which can 
shed t h e  v i r u s  i n t o  t h e  water. Another way is t o  break t h e  a d u l t  
t o  f r y  cycle  by d i s in fec t ing  t h e  e g g s  with chemicals which w i l l  
des t roy  t h e  v i r u s .  Because d i s i n f e c t i o n  may not  be completely 
e f fec t ive  and effectiveness is somewhat dose dependant, f u r t h e r  
precaut ion  can be taken by t e s t i n g  each a d u l t  f i s h  f o r  v i r u s ,  
and d i s c a r d i n g  a l l  eggs  which come from high v i r u s  shedding 
f i s h ,  followed by d is infec t ion .  Even f u r t h e r  precaut ion can be 
taken by incubat ing  t h e  eggs  from each spawning p a i r  a s  a family 
u n i t  i n  i so la t ion ,  separa ted  from other  eggs,  with an 
independent water supply .  I f  a l l  o ther  precaut ions  f a i l ,  t h e  
d i sease  would be i so la ted  t o  j u s t  one group of f r y  which can be 
destroyed before t h e  o ther  f r y  are exposed t o  t h e  v i r u s .  This  is 
t h e  b a s i s  fo r  SSRAA1s sockeye program. 

Stock Select ion 

The following sockeye s t o c k s  w e r e  considered f o r  t h e  brood: 
Hugh-Smith, McDonald, and K a r t a .  I n i t i a l  screening indica ted  
t h a t  t h e  incidence of I H N  i n  t h e  Hugh-Smith s tock  w a s  very h igh .  
The McDonald s tock  e n t e r s  Behm Canal i n  l a t e  J u l y  and e a r l y  
August, t h e  f i s h  hold i n  t h e  e s t u a r y  u n t i l  late August, and then 
move i n t o  t h e  McDonald Lake system i n  September when spawning 
occurs .  The f i s h ,  when they e n t e r  f resh  water, a r e  a l ready water 
marked and not  t h e  highest  of q u a l i t y .  The Karta sockeye en te r  
f r e sh  water in  l a t e  June and e a r l y  Ju ly ,  hold i n  Salnion Lake, 
then move i n t o  t h e  s t reams t o  spawn i n  l a t e  August. I n  a l l  
cases ,  Southeast  Alaska sockeye spend one t o  two yea r s  in  a  l ake  
and migrate t o  t h e  -ocean as one check o r  two check 3 gram smol ts  
( r a n g e  1 - 5 gram). 

Several  c r i t e r i a  were considered i n  select ing t h e  brood 
source .  F i r s t ,  it was d e s i r a b l e  t o  have f i s h  enter  t h e  
commercial f i shery  e a r l y  i n  t h e  season. ADF&G management h a s  
limited t h e  ea r ly  commercial f i s h i n g  seasons in  l a t e  June and 
e a r l y  Ju ly  due t o  t h e  U.S./Canada t r e a t y  t o  minimize 
in tercept ion  of Canadian sockeye s tocks .  Early r e tu rn ing  f i s h  
would provide f o r  ea r ly  f i s h i n g  oppor tuni ty  and extend t h e  
f i s h i n g  season. Second, if  nos t  of t h e  f i s h  had t o  bc har-.7ested 
i n  t h e  terminal  area,  t h e  f i s h  should a r r i v e  i n  t h e  terminal 
a rea  i n  prime condit ion.  

Thi rd ,  some of t h e  a d u l t s  would have t o  be harvested by 
SSRAA f o r  cos t  recovery. Therefore, t h e  f i sh  should be harvested 
i n  t h e  best  poss ib le  condi t ion.  I n  order  t o  keep ha rves t  c o s t s  
t o  a  minimum, it would be d e s i r a b l e  t o  have t h e  f i s h  en te r  f resh  
water i n  prime condit ion.  

Four th ,  i n  order  t o  keep rea r ing  c o s t s  t o  a  minimum, it 
would be des i rab le  t o  release t h e  f r y  i n  t h e i r  f i r s t  year as 
zero check smolts. S tudies  i n  o the r  sockeye systems ind ica te  
t h a t  i f  f r y  reach a 3 gram s i z e  i n  t h e i r  f i r s t  year  they w i l l  
migrate  a s  zero-check smolts.  I n  order  t o  maximize t h e  po ten t i a l  
of ob ta in ing  a zero check smolt ,  it w a s  des i r ab le  t o  obta in  an 
e a r l y  spawning broodstock i n  o rde r  t o  get t h e  maximum growth 
p o t e n t i a l  before t h e  next s p r i n g .  



F i f t h ,  t h e  broodstock should  have a low incidence of IHN 
v i r u s  i n  order  t o  reduce t h e  r i s k  of d isease  t ransmiss ion  and t o  
avoid excessive d e s t r u c t i o n  of eggs  due t o  t h e  cu l l ing  
g rocedure. 

Using t h e  above c r i t e r i a ,  t h e  Karta s t o c k  w a s  selected a s  
t h e  brood source  and t h e  donor s o u r c e  w a s  McGilvery Creek. About 
150 f a m i l i e s  (150 females and 150 males) were collected i n  1985 
and 1986. The f i s h  w e r e  col lected dur ing  t h e  t h i r d  week of 
August and were among t h e  f i r s t  spawning f i s h  avai lab le .  The 
f i s h  were collected by snag  gea r  and t h e  gonadal p r o d u c t s  were 
collected from each i n d i v i d u a l  f i s h  and t r anspor ted  t o  Ketchikan 
on i c e  using s t a n d a r d  remote eggtake procedures.  S a n i t a r y  
precaut ions  were taken i n  ob ta in ing  t h e  gonadal p r o d u c t s  i n  
order  t o  prevent c r o s s  contaminat ion a t  t h e  brood loca t ion .  This  
procedure w i l l  be repeated f o r  a t  least two more years .  

F i sh  Cu l tu re  Techniques 

The objectives of t h e  f i s h  c u l t u r e  aspect  w e r e  t o  rear t h e  
f r y  f ree  of I H N  and t o  re lease  a zero check smolt .  Another 
objec t ive  was t o  keep t h e  c o s t s  t o  a minimum u n t i l  t h e  p ro jec t  
proved successful .  Beaver F a l l s  w a s  selected because ADF& G 
a lready had a sockeye pro jec t  on site and because t h e  w a t e r  
supply  came from S i l v i s  Lake. S i l v i s  Lake is a b a r r i e r 4  lake 
with no access  t o  anadromous f i s h .  Several species of salmon had 
been reared a t  t h i s  site with no evidence of IHN. It w a s  assumed 
t h e  water supply w a s  f ree  of IHN v i r u s ,  t h u s  meeting t h e  most 
important c r i t e r i a  of t h e  p ro jec t .  Also, t h e  site w a s  on t h e  
Ketchikan road system and,  therefore,  reduced opera t iona l  c o s t s  
because it could be operated from t h e  Whitman Lake Hatchery. The 
major problem with Beaver F a l l s  is t h e  cool water supp ly  i n  t h e  
winter and t h i s  would work a g a i n s t  t h e  zero check object ive.  

I H N  has  not been detected a f t e r  two yea r s  of opera t ion .  The 
preventat ive measures have worked. Each adu l t  f i s h  was tested 
for v i r u s  and t h e  eggs dis infected a f t e r  f e r t i l i z a t i o n  and 
incubated i n  ind iv idua l  i n c u b a t o r s  with separa te  w a t e r  i n l e t s  
and ou t l e t s .  Those families t h a t  had e i the r  parent  with high 
shedding of v i r u s  were destroyed.  The eggs were d is infec ted  a 
second time a f t e r  they reached t h e  eyed s t a g e  and t h e  f r y  were 
h e l d .  i n  t h e i r  ind iv idua l  incuba to r  u n t i l  they were ready t o  be 
fed. T h e  f r y  were again  tes ted  f o r  v i r u s  before they w e r e  placed 
i n t o  small rear ing  t a n k s  t o  commence f a i n g .  Again, t h e  rear ing  
t a n k s  were isolated with separa te  water supp l i e s  and no more 
t h a n  f ive  families w e r e  placed i n  t h e  rear ing  t ank .  Personnel 
were t ra ined  t o  use s t r i c t  s a n i t a r y  techniques.  

Experience by SSRAA with o ther  salmonid species  h a s  shown 
t h a t  f i s h  grow much f a s t e r  once they a r e  placed i n  marine 
netpens. The advantages a r e  i n  more favorable  w a t e r  
temperatures, some n a t u r a l  food, and some osmoregulation 
advantages.  However, t h e  a b i l i t y  of sockeye salmon t o  t h r i v e  i n  
salt water under a 3 gram s i z e  w a s  unknown, b u t  t h e r e  w a s  some 



evidence t h a t  sockeye could t o l e r a t e  salt  w a t e r  a t  a 1 gram 
s ize .  S S R A A  conducted tests i n  1985 which showed t h a t  0.7 gram 
sockeye to lera ted  salt  w a t e r  bu t  b lood .  sodium levels  indicated 
they were not  osmoregulating properly.  However, 1.5 gram sockeye 
d i d  except ional ly  w e l l  i n  salt  w a t e r .  A goa l  w a s  then 
es tabl i shed  t o  have t h e  sockeye a t  a 1 gram s i z e  o r  l a r g e r  by 
e a r l y  June. 

The f i r s t  release of sockeye at Beaver F a l l s  occurred i n  
1986. The s p r i n g  of 1986 w a s  cool and growth w a s  slow. The 
sockeye w e r e  placed i n  net pens on June 30 at  a 1.4  gram s i z e  
and were released eleven d a y s  later on J u l y  11 at  a 2.2 gram 
s ize .  This  w a s  later and smaller t h a n  our  goal.  However, t h e  
f i s h  responded very w e l l  t o  salt w a t e r  and abou t  100,000 smolts  
w e r e  released i n  excellent condi t ion.  The s u r v i v a l  of these f i s h  
w i l l  no t  be known f o r  severa l  years ,  but  w e  believe t h a t  t h e  
bes t  r e s u l t s  w i l l  no t  be obtained u n t i l  t h e  t y p i c a l  re lease s i z e  
is over 3 grams by mid-June. The next group is due  f o r  release 
i n  1987 and, t o  date ,  they a r e  l a r g e r  t h a n  t h e  f i r s t  groups .  

There are two approaches t h a t  a r e  needed t o  help a s s u r e  a 
t a r g e t  of 3 grams by mid-June. One is t o  ob ta in  eggs  earlier t o  
t a k e  advantage of t h e  w a r m  f a l l  temperatures. Th i s  may be done 
by hormone in jec t ion  of t h e  a d u l t  f i s h  and by shor ten ing  t h e  
photoperiod. Tes ts  a r e  scheduled i n  1987 t o  eva lua te  t h i s  
approach.  Second, is t o  w a r m  up t h e  water a f t e r  t h e  f r y  ha tch .  
Using energy t o  heat water is cos t  p roh ib i t ive ,  b u t  we plan t o  
i n s t a l l  a heat  exchanger t o  be submerged i n  George In le t  a t  
Beaver Fa l l s .  The marine water temperature is always warmer than  
t h e  fresh water d u r i n g  t h e  winter. Although t h e r e  is a c a p i t a l  
expense involved, t h e  opera t ional  expense is s m a l l .  By us ing  
these  two approaches,  we w i l l  help a s s u r e  o u r  goa l  of 3 gram 
sockeye smolts  by mid-June. 

Fu tu re  Plans  

The cur ren t  p lans  of S S R A A  a r e  t o  u s e  Beaver F a l l s  only as a 
broodstock s i t e  and remotely release t h e  main product ion  a t  
o the r  s i t e s  f o r  c o s t  recovery and f o r  te rminal  wipe-up 
f i she r i e s .  The f i r s t  r e t u r n  of adu l t  f i s h  is expected in  1989, 
b u t  some 'f ish may be ava i l ab le  i n  1988. P lans  now a r e  t o  
increase  t h e  egg incubat ion  capaci ty  a t  Beaver F a l l s  ' u p  t o  5 
million eggs by t h e  summer of 1989. It is assumed t h a t  t h e  
c a p i t a l  investment w i l l  be about $1.5 million and t h e  annual  
opera t ing  c o s t s  w i l l  be about  $150,000 g iv ing  an annua l  t o t a l  
c o s t  of $250,000 i f  amortized over 15 years.  

The a d u l t  s u r v i v a l  r a t e  w i l l  not be known f o r  severa l  years ,  
b u t  we a r e  assuming a 6% smolt su rv iva l .  Th i s  is conservat ive  
according t o  ADF&G assumptions.  Based on t h i s  assumed s u r v i v a l  
r a t e ,  an annual  release of 300,000 smolts  should  provide 
su f f i c i en t  r e tu rn ing  a d u l t s  f o r  expansion t o  t h e  5,000,000 eggs  
g o a l  (Table 1). Releases of 1,000,000 smolts  f o r  c o s t  recovery, 
such  as Shrimp Bay, should provide an annual  revenue of over 
$200,000 (Table 2 ) .  This  should cover all  opera t iona l  c o s t s .  



Assuming an  80% egg t o  smolt s u r v i v a l ,  t h i s  should p rov ide  an  
annua l  release of 2,700,000 smol t s  f o r  a terminal  wipe-up 
f i she ry .  Th i s  f i shery  would p rov ide  a value of $500,000 i n  t h e  
terminal  a rea ,  another  $250,000 i n  t h e  common proper ty  f i s h e r y ,  
and another  $150,000 from t h e  releases at Shrimp Bay and Beaver 
F a l l s .  The  t o t a l  common proper ty  ha rves t  should be about  $1 
mill ion.  

The program a s  out l ined i n  t h i s  paper may r e s u l t  . i n  a 
broodstock which is free of I H N  vir.us because t h e  adu l t - to - f ry  
t ransmiss ion  cycle  may be broken. I f  t h i s  occurs ,  then t h e r e  is 
p o t e n t i a l  of s tocking  barren l a k e  systems with sockeye without  
t h e  r i s k  of spreading I H N  v i r u s  t o  new loca l i t i e s .  Also, t h e  
above a n a l y s i s  shows t h a t  t h e  p r o j e c t  can be very c o s t  e f fec t ive  
and may need expansion. I f  one assumes t h a t  a n  expansion is 
d e s i r a b l e  a f t e r  f ive  years ,  then t h e  program can be modified t o  
provide  revenue t o  bui ld  a 20 mill ion egg f a c i l i t y .  Table 1 
shows t h a t  t h e  program could be expanded by 1993 and t h a t  a 7 
mill ion smolt release would provide  over $1.3 million annua l ly  
by 1996. The program could p o t e n t i a l l y  pay f o r  i t se l f .  

Compared t o  other  species,  sockeye are a good investment i f  
al l  t h e  above assumptions a r e  co r rec t .  Table 2 compares t h e  
cost-to-benefit  of sockeye compared t o  chinook, coho, o r  
s teelhead,  a l l  of which compete f o r  freshwater space. The va lue  
of one raceway of sockeye may be worth over $500,000 compared t o  
t h e  same raceway production of $87,000 f o r  chinook, $186,000 f o r  
coho, and $60,000 fo r  steelhead. 

The advantages of t h i s  program, i f  successfu l ,  are t h a t  
annual  operat ing cos t  a r e  reduced by not having t o  t a k e  eggs  
remotely; t h e  po ten t i a l  e x i s t s  t o  s t o c k  barren systems without  
increas ing  t h e  r i s k  of spreading I H N  v i r u s ;  t h e  f i s h  w i l l  extend 
t h e  e a r l y  commercial f i shery  by g iv ing  oppor tuni ty  i n  late June; 
t h e  f i s h  w i l l  be tagged and t h e  common property f i she ry  could be 
extended by allowing an add-on t o  t h e  ex i s t ing  quota;  should t h e  
f i s h  end up in  t h e  terminal a rea ,  they c o u l d  be harvested i n  
good condit ion;  terminal a r e a s  can be selected t o  avoid 
c o n f l i c t s  with w i l d  salmon s t o c k s ,  t h u s  avoiding terminal  
management complications; t h e  program can pay f o r  i t s e l f  through 
c o s t  recovery; and t h e  program would allow cos t  recovery -of h igh  
q u a l i t y  f i s h  which avoids conf l i c t  with fishermen. 



TABLE I FIVE YEAR PLAN 
Y U ~ F W S S O O Q K  01- 

PRICE $ AE Lbs/FISH 
(1.00 b 
w.OO b 
$1.00 6 
(0.00 b 
80.00 b 
(0.00 b 
(0.80 b 
(0.00 6 



TABLE 2-  UITW Ul(f nOOUCIIOl VUUES/uc@AY Fm FOUR WECIB 

011m CW) SlEElllUO !nmEu, mm 
YEARLIWGS YEARLIYGS 1 YEAR 2YEAR I 

RELEASE SIZE IN 
FRESH MATER 300 1% 300 500 I IQ 

-----------  

W A Y  
mln . 
6356 ft .5 lb/ f t  1 I b / f t  1 l b / f t  1 lb/ft 

- - - - - - - - - - - - - -- - - - - -  

II F I S . ~ ~ C E w 4 Y  48,152 192,000 96,303 

EST-. SUntIVAl 6 . a  10.0% 5.0% 10.0% - - - 
8 FISH 2,889 19,200 4,815 5,759 --- -- ---------- 
% CPF 60.0\ 75.0% - -- --- 
8 FISH 1,733 14,400 54,000 

.I l b l f t  

-------------- 

--I 
----- 

EST. AVi . 
SIZE CPF 18 lbs. 8 1bs. 7 lbs .  ---- -------- ------ 
EST. VI;llE/PWND $2.00 $1.25 $1.25 --- ------- ------- 
EST. VALUE TO CPF $62,402 $144,000 $472,500 

8 FISH 1,156 4,815 5,759 18,000 

EST. AVE. 51'11 221bs .  1 1 l b s .  6 lbs .  6 lbs .  

EST. VAtUE/PWND 
TERMINAL $1.00 . $ 0 . 8 0  $2.00 $2.00 $0.90 

----------- 

TERM HAL VALUE $25,412 $42,240 $57,780 $69,108 1 $76,600 
~ - 

3\ ASSES. VALUE $1,872 $4,320 

COST RECSVERY 
VALUE $27,304 $46,560 $57,780 $69,108 

TOTAL VALUE 
CPF & ~ I H A L  $87,834 $186,240 $57,780 $69,108 

$14,175 

$90,775 

$549,100 
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- ME'MORANDUM State of Alaska 
DEPARTMENT OF FISH AND GAME 

TO: Dave Cant i I l on DATE: May 4, 1987 
Region I Supervl sor 
Commercial F i she r ies  D i v i s i o n  Fl LE NO.: 
Doug l as 

TH RU: TELEPHONE NO.: 465-4250 

SUBJECT: Sockeye Workshop 
/ 

(- 
FROM: Gary Gunstran ,:-+ 

Reg i on I Research superv'i sor 
Canmercial F i she r ies  D i v i s i o n  
Doug 1 as 

Our recent  reg iona l  sockeye revlew/workshop a t t r a c t e d  34 I n v i t e d  
p a r t i c i p a n t s  fran two Department f i s h e r i e s  d i v i s ions ,  t h e  two South- 
eas t  A l aska aquacu l t u r e  associ a t i  ons, and t h e  Natlona l Marl  ne Fi  sh- 
e r l e s  Serv ice. The day and a ha1 f meetlng i n c l  uded 13 presenta t ions  
and a general d iscussion period. I p l a n  t o  produce t h e  presenta t ion  
summaries and discussion notes i n  a bound document e a r l y  t h i s  sum- 
mer. Comments rece ived i n  regard t o  t h e  workshop were very  favor -  
able. 

A major area o f  concern I d e n t i f l e d  dur ing  t h e  workshop was t h a t  o f  
sockeye escapemenf goal s f o r  t he  producl ng systems I n t h e  Reg ion. 
Th is  sub jec t  was t h e  major focus o f  t h e  General Dlscusslon pe r lod  
and r e s u l t e d  i n  the  designat ion o f  an Ad Hoc Committee t o  address 
sockeye escapements i n  S.E. A l  aska. Fred Bergander o f  our shop and 
Mike Haddix, FREDD, were appointed as co-chairmen. Other members 
w i l  I inc lude Steve Hoffman, P h i l  Dougherty, an as yet-to-be-named 
rep resen ta t i ve  o f  t h e  NMFS, and, perhaps, a user-group representa- 
ti ve. The co-chal rman w i i l estab l ish  t h e  m m l  t tee 's  f lna l core 
group membership and seek counci I, on an as-needed basis, frm t h e  
Forest  Serv ice, t h e  user groups, t h e  Chi e f  F i sher i es Sc 1 e n t  i s t  
Of f ice,  and other  sources. 

Mandates g i ven  t o  t h e  committee were as f o l  lows: 

1. Es tab l i sh  a methodolgy f o r  addressing escapements. 

2. Estab l i sh  a method01 gy f o r  address! ng escapement goal s. 

3 .  EstabI i sh  c r i t e r i a  for c i a s s i f i c a t f o n  o f  t h e  120 producing 
systems i n  t h e  Region I n t o  large, medium, and minor producers. 

4. C l a s s i f y  systems I n  regard t o  water type, e.g., c lear ,  g l a c l a l ,  
organlcal  l y  stained. 

5 .  Note systems w l t h  special  import t o  t h e  U. S./Canada Treaty. 

6. Establ ish,  where possible, desi red escapement ranges. 

Recognizing t h a t  I i t t i e  i s  known about t h e  product ion p o t e n t i a l  o f  
most o f  our sockeye systems, and the  sens I t i ve  pol l ti ca 1 na ture  of 
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Dave Cant 1 1 l on May 4, 1987 

many of  them, the c m i  t t e e  was cautioned about establ  ish ing set  
numer i ca i "goa l st' and, I nstead, was d 1 rected t o  address "desi red (or  
optimum) escapement rangesn. The canmittee i s  t o  present i t s  r epo r t  
t o  the  ADFBG f i she r i es  d i v i s i o n  directors, through the respec t i ve  
reg 1 ona 1 superv i sors, I n December 1987. 

I t  was fur ther  recommended during the General Dlscusslon t h a t  g lven 
the i n te res t  and renewed emphasi s on sockeye sal  mon 1 n S.E. A l aska 
the regional  sockeye review/workshop be an annual event t o  be held, 
preferably, I n  mid-winter. 

The l ast  i tern recommended dur I ng t he  General Dl scuss 1 on came f ran 
the NSRAA whl ch asked t h a t  the State estab l f sh an I nter-agency 
enhancement steer ing committee t o  address sockeye enhancement and 
w 1 l dstock needs, and coordl nated act ions I n the Region. I noted 
tha: I t  was my understanding t h a t  such was a funct ion o f  the North- 
ern Southeast Reglona l PI ann i ng Team and t h a t  I wou l d propose the  
subject f o r  d l  scussion a t  the  nex+ RPT meeti ng. 

cc: Fred Bergander 
Mike Haddix 
Phi l Mundy 
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